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CHART KJl J 

THE USES OF SANDS IN BRICK-MAKING 

tho various branches of the brick-inaldng industiy, sands play 
a small yet im[)ortant part, and in many cases tht^y are irreplaceable 
by any oth(;r material For this industry, sand is used chielly in 
the manufacture of (a) clay bricks, (b) liim^-sand bricks, (c) artificial 
stone, {d) light-wc'ight bricks, and (e) refractory bricks. 


Clay Bricks 

Tho extent to which sands are used in the manufacture of clay 
bricks varies considerably in different [)arts of the country ; they 
servo jnany useful purposes, the chief of which are : 

1. 8and assists in preventing undue (contraction of the clay. 

2. The salts in the sand are, in some cases, useful, as they de- 

compose on burning, and assist in fluxing the clay. More 

often such salts are objccctionable, as they cause “ scum.” 

3. Sand prevents the bricks from sticking to the mould in which 

they are made. 

4. Sand assists in giving atpleasmg “ facce ” to the bricks. 

5. Sand prevents tl;e brie.ks from sticking together during drying 

and burning. 

6. Sand modifies ifche hardness and texture of the bricks. 

7. Sand is used ?.s a com4titu(mt of glazes for bricks. 

• % 

The use of sand in preventing the undue coiftraction of the clay 

is one of the most* important purposes for which it is employed. 
In many places, particularly in the south of England, ihc materials 
worked for brick-makinj^ consist of deposits of highly plastic clay, 
which in its natural state can only be used with great difJtculty, as 
the bricks crack badly during the drying and burning, so that some 
non-plastic material must be added to lessen the shrinkage. The 
cracking is due to the colloidal material in the clay not being dis- 
tributed over a sufficiently large surface, and this serious defect 
may, therefore, be prevented by the atldition of a non-colloidal 
solid material to the clay. Almost any non-|^stic material which 
will igithstanii the heat4o which the brinks ar?exnosed* in 

VOL. II 



2 ^ANDS FOR CLA^ BRICKS 

md wtiich docs nJc^fSect the bricks in any way, may be maatf to 
r^uce the shrinkage, and brick-dust or “ grog ” is somefimos used 
te this pui’iiose. fSand is usually the cheapest, and as it is generally 
quite fUtisTactory, it is largely employed. When a natural mixture 
of sand* and *clay in suitable proportions can be obtained, it is 
preferable to an artificial mixture of sand and clay. Thus, iif Suffolk, 
white bricks have been •made sittcc the days of Queen Elizabeth 
from glacial deposits which are eithe^ chalky boulder clays or 
glacial brick earths, which have probably resulted from the washing 
of the glacial clays. Such deposits are often true loams (1. 1^5) 
and contain as muc;h as 30 per cent of sand, so that they may bo 
used just as they are with ])crfectly satisfactory results. Loams in 
other districts produce red, yellow, and buff bricks respectively. 
Such loams are largely used for brick-making ; their value is de|)end- 
ent on the fact that they contain a large proportion of sand which 
neutralises the excessive shrinkage of the plastic clay of which they 
are also composed. Some loams, however, contain an excessive 
proportion of sand and are loose and incoherent, so that they do 
not make satisfactory bricks without the addition of some other 
material, such as chalk, to bond the particles more securely together. 

When suitable natural mixtures of sand and clay are not avail- 
able, a proportion of sand (the amount being ascertained by trial) 
is mixed with the clay before it is made into bricks. Such a 
mixture produces sound bricks of good quality and accurate shape. 

As the sand is much coarser in texture than the clay and consists 
of much larger particles, the bricks are more porous than if the clay 
were used alone, just as sand added to a clayey soil produces a 
lighter soil (see (‘hapter VIII.), Avhich is more permeable to air, gases, 
and water. In most cases this increased porosity is useful rather 
than harmful, but it could generally be avoided by finishing the 
burning at a higher temperature and thereby producing sufficient 
fused material to fill the pores. Care^is needed to prevent the bricks 
from warping as a result of overheating. 

Chemical Composition of Sand . — The cofhposition of sands used 
in brick-making must be carefully considered or serious difficulties 
may occur. The sand should be suffidently pj^re, so as not to fuse 
during the burning of the bricks ; as a coipparatively low, tempera- 
ture is used in burning most building bricks, this requirement is 
not serious. Where the bricks are burned at a* very high tempera- 
ture, the presence of metallic oxides, alkalies, etc., in the sand is 
undesirable ; this applies more particularly to the use of sands in 
making lefractory bricks (Chapter VII.). 

From a chen^ical point of view the general composition of the 
sand is less important than the presence or absence of soluble salts. 
For red bricks, it is important that sands containing an appreciable « 
proportion of soluble salts should not be present, or a white scum 
or “ sweat ” (I. 193) wUl form and discolour the bricks. Thus, sea 
sands, which are vepy liable to contain such salts, should not be 
used^ for mftdng with briclf clay. 
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Felspathic and micaceous sands may be^iAed where tae lem- 
perature^of burning is not high enough to causft’too much fu^n. 
Felspathic sands are preferable to micaceous oi^s as they a^Tess 
readily fusefl, the grains being more compact than the thin^akei? of 
mica. Calcareous sands may be used if the lime iswn an impalpably 
fine foFm, but if the grains are large ftioy may cause “ blowing ” 

. and the destruction of the brick# made wAh them. 

If a sand contains carbonaceous matter, soluble salts, or other 
undesirable impurities, i^ may sometimes be purified by washing 
(I. 384), though the cost is usually prohibitive. Many micaceous 
sands may be cheaply improved by washing, as the light flakes are 
readily separated in a stream of running water. 

Tlic chefuical composition of the sand is important in the 
manufacture of the white bricks made in Devonshire, Dorsetshire, 
Cambridgeshire, Norfolk, and Essex. Sands used for such bricks 
must be very low in iron, as this constituent would spoil the white 
colour of the bricks if present in sufficiently large quantities, since 
iron compounds (chiefly in the form of yellow or brown films or 
coatings of the sand grains) turn red when the bricks are burned. 
Pure sands must, therefore, be used in making white bricks, the 
most suitable being the same as those used for glass-making ; as 
these occur in various parts of the counties named, there is usually 
little difficulty in obtaining a suitable sand. The principal sands 
occurring in the areas making white bricks are those of Ashurst- 
wood (1. 121), P'airlight (I. 121), and Bulverhythe (I. 122), in 
Sussex; Aylesbury (I. 119), in Buckinghamshire; Aylesford (I. 
119) and Bearsted (T. 119), in Kent; Godstone (I. 119), Oxted 
(I. 119), and Reigate (1. 1 19), in Surrey ; Ixdghton Buzzard (I. 119), 
in Bedfordshire, and King’s Lynn (I. i20), in Norfolk. Many of the 
other sands in these counties arc unsuitable, as the iron compounds 
in them make them turn red when heated. 

Unless the sand is naturally dry, it must be dried artificially. 

The physical nahire of the sands used for mixing with clay for 
brick-making is also important. The (jrain-size should generally bo 
between 30- and l‘^-mesh. Where too coarse a sand is used, the 
arrises of the biicks are not sharp, as unduly large grains project 
from the brick. A sand composed of medium-sized grains is 
generally the most satilfactory. • 

The shape of tide grains of sand should be such as to make them 
sharp and angular, in order that the grains may interlock to some 
extent. Rounded grains roll over each other and so do not produce 
such strong bricks. 

In most cases, sands suitable for brick-making occur either in 
association with, or very near to the clays requirmg such additions, 
so that little trouble is experienced in securing a suitable grade of 
sand. 

One of the most notable exceptions (jo this statement occurs over 
a large area of London dlay, which is quite iq^uitable for use alone, 
and^yet forys so extensive a deposit that omy on itfl bord«rM onn 
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*saiBd bo found in ^association with it. Nearer the centre of the 
doi^o^t no suitabli3 sand occurs, and consequently any sand needed 
in l^at area is u*iually taken from the bed of the Thames near 
Woolwhrh/ though other sands are also used to somt? extent. In 
other awias, \yh^re no suitable sands occur in the same geological 
strata as the clays, sands from the overlying or adjacent deposits 
of glacial drift may ofterf be empl(y/ed, though c^are should be taken 
that they do not contain a notable proportion of calcium carbonate, 
which is liable to crack the bricks after they have been taken out 
of the kiln. 

The proportion of sand to be added to any clay must usually be 
found by trial. It is seldom worth while to add less than 5 pai*ts 
of sand to 100 parts of clay, and in some cases equal parts of sand 
and clay have given the best results. It is by no means unusual 
to have 4-8 cwt. of sand in the mixture used to make 1000 bricks. 

Unsuitable sands must not be mixed with the clay used for 
making bricks, especially those mixtures of exceedingly fine sand 
and clay known as silts (I. 150). These silts may soinctinies be 
used alone, provided the necessary care and skill are used ; thus, 
the silt of the river Humber has Wm used for many of the bricks 
in Grimsby. Other silts have also been used for making building 
bricks, but they cannot be recommended for this purpose. 

Sands containing soluble salts an; very undesirable in brick- 
making, as they are liable to cause scumming (I. 193), but if the 
bricks can be burned at a sufficiently high temperature, the salts 
may combine with the clay and thus form a slightly and s(;arcely 
visible glaze on the bricks. Insoluble salts in a sand are often an 
advantage, as they combine with the clay during the firing and act 
as a flux, thus increasing the strength of the bricks as well as helping 
to produce a pleasing colour. 

Limestone dust, crushed lime or cMlk are not usually suitable 
substitutes for sand, nor should a ci^lcareous sand be mixed with 
clay to be used for bricks. Chalk is much less harmful than lime- 
stone, and if thoroughly mixed with the clay (it is necessary first 
to produce a slurry or suspension of clay inx water, as ordinary 
mixing in a pug-mill is not sufficient), it is somcjtimes used to act as 
a flux and increases the strength of the bripks. Coarse cjialk and 
limestone tend to dfomage the bricks by “ blowing.” 

Artificial sands used to reduce the plasticity and shrinkage of 
clays include^“ grog ” or ground bricks, crushed rocks of various 
kinds, ashes, and soil.” 

Grog has the advantage of having the same composition and 
properties as the fished bricks, and it does not expand and cause 
slipping ” or cracks, as occasionally happens when sand or crushed 
rock is used. 

Ground rock, if sufficiently siliceous, may usually be substituted 
for sand, though the cost pf grinding generally makes its employ- 
ment prohibitive. 

Ashes arfe sometimes grbund to powder amd used at a substitute 
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for sand^ They arc inferior inasmuch as thej^ "arp usually ricK in 
soluble salts and so tend to cause “ scumming ” (I. 103), tkowh 
this is often unimportant in the case of common l^ricks. ^ 

“ tSoU”} and Breeze (I. 84), or finely sifted cinders are often 
used as a substitute for sand in tl^^ manufacture of bricks, 
especially in the south of Kndand. T^is material reduces the 
shrinkage of the clay and acts m the same way as siliceous sand, 
and secures the formatioji of sound, well-shaped bricks ; l>ut as 
they tend to be very porous it is customary to mix sufficient chalk 
with the clay to produce enough fused material to make? strong 
and hard bricks. “ Soil ” also serves, as a result of the fuel it 
contains, to assist in burning the bricks made with it. The pro- 
portion of “ soil ” used varies in different works, but as much as 
20 tons of fine siftings of ashes are sometimes mixed with sufficient 
brick (5arth and chalk to make 100,000 bricks. Carci must be taken 
with this material not to add too much to the clay, or the bricks 
may be overheated, whilst if too little is added thfj bricks may be 
underburned. The amount of “ soil ” which should be used in any 
given case must deptmd on the nature of the clay used and can 
mly be learned by experience. 

“ Soil ” is so unsavoury a material, and, owing to the cost of 
preparing it, is now so much more expensive than coke -dust or 
jther better grades of fuel, that its use is gradually diminishing, 
[t has, however, been used for many years and is still employed 
11 the manufacture of the bricks known as London Stocks.” 

Use of Sand in moulding Bricks. — Sand is used when moulding 
bricks by hand in order to prevent the clay from adhering to the 
mould and so to facilitate the ready removal of the brick. The 
sand used in moulding also appears to have a favourable influence 
on the resistance of the bricks to weather, though very few reliable 
data on this subje(!t are available. The brick moulder works at a 
table provided with a deep iron rim at both ends and partly along 
one side to keep the sand in place. 8and is first sprinkled by an 
assistant, known as the clot moulder, on the bench so as to prevent 
the clay from adherfng to this, and a rough brick or clot is made 
by shaping a mass of cla/ paste with the hands. The moulder 
sprinklesb the “ stock bc^rd ” which forms the bottom of the mould 
with sand, quickly dashes the wooden mould l)ox into the pile of 
sand and lays the sanded mould on tlie stock board. The clot is 
then forcibly thrown into the mould, any surplus clt^ is removed 
by means of a flat ifleco of wood or “ strike ” ; the mould is then 
lifted and the brick allowed to slide gently out on to a pallet-board 
upon which it is conveyed to bo dried. The mould is then re-sanded 
and the operation repeated. 

In brick machines whicl! are intended to imitate bricks made 
by hand moulding, the moulds are dipped in sand in the same way 

' “ Soil ” must not be confused with the maierii^^nown by that name in 
agriculture. “ Soil ” is an, abbreviation of thfc term\ night s^l ” and is tlie 
smallBat particres of the material obtained from earth-closets. 
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eacfi tifne the mould# are to be replaced in the machine, 9 sanaing 
eing placed for this purpose near the brick machine. 

» Tnej natural colours of the various sands used fpr moulding 
bricks are not of^great importance except as a means of idcntifiija- 
tion. Tfic colour of the s«.nd after burning is, however, great 
importance, as it affects^ the appearance of the bricks. Many of 
the sands in Yorkshire and Lancashire cannot be used for moulding 
bricks as they impart an unpleasant colowr to the bricks. Some of 
the Bagshot sands (I. 81) and various sands from Essex are largely 
used on account of the pleasing red colour they produce on the bricks. 

The sands used for sand-moulded bricks in the London area are 
largely obtained from the bed of the Thames near Woolwich, but 
other local beds are also employed. 

The reddish and yellowish Triassic sands of Nottinghamshire, 
lA'icestershire, and Warwickshire, and the brown Jurassic sands of 
Warwicksliire are also used satisfactorily in moulding bricks. 

Sea sand is used for moulding some of the hand-made bricks in 
Suffolk and Lincolnsliire. 

The sand used in moulding bricks should be moderately fine ; 
it should not be coarser than 30-mesh nor much finer than 120- 
mesh. Its grade is specially important, as it exerts a considerable 
influence on the appearance of the finished articles. If too coarse 
a sand is used, the bricks will be rough and have pitted faces, 
whilst a sand which is finer than 120-mcsh will usually contain too 
many rounded grains, which lack the necessary power of adhering 
to the clay. Sand for moulding should, in most cases, be rather 
finer than that used for mixing with the clay. The grains should 
be reasonably sharp and angular, as rounded grains lack “ gripping 
power.” 

It is difficult to prescribe any tests whereby the suitability or 
otherwise of a sand for use in moulding bricks can be ascertained. 
This information is best obtained by allowing a practical brick 
moulder who is regularly using such sand to i;se it on a few hundred 
bricks, and to express his opinion of the result when the bricks have 
been drawn from the kiln. • 

Use of Sand for facing Bricks. — Saind -faced bricks are largely 
used, particularly ^n the south of Englant^, for exterior fvork on 
account of their pleasing api)earance, especially as regards colour, 
as well as their durability and resistance to weather. They are 
termed sand-laced bricks because their faces are coated with a thin 
layer of s^nd, which is applied at an early stage in their manufacture 
and remams adherent to them after they are drawn from the kiln. 

In the case of hand-moulded bricks, the sand is applied during 
the moulding as previously described (p. 5), but in that of wire- 
cut bricks the sand is sprinkled on the column of clay as it issues 
from the brick machine. Sometimes the sand is pressed into the 
surface of the clay by a I’olter at the mouthpiece of the machine and 
sometimes the bricl^ are Repressed so as to fix the sand to their 
surfa(j:^ 
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SANDS F(3R RUBBER BRICKS 

•The ^nd for this purpose is the same q^^that used ip sand* 
moulding (p. 6), the colour of the sand after burnfitg being speci^ly 
important. For red bricks, one of the best sanc^? is that obtaim^d 
from the Bagshot beds (1. 81), but any of the sands mtfntifned ftn 
p. 6 may be used for producing a pleasing red coiour. ^r white 
and bu# bricks, a white-burning sand such as the Calais sand is ’ 
used. It must be sufficiently fin# and angfilar, and fairly free from 
iron oxide so as not to discolour the bricks. 

^ Use of Sand for producing specially shaped Bricks. — When the 
bricks of special shape are required for arches, etc., and also when 
they arc required to be carved for monumental purposes, it is 
sometimes inconvenient to mould them to the required form, 
especially if the number of bricks of any one shape is quite small. 
An easy method of obtaining such bricks is to make them in the 
ordinary mamier, using a loam very rich in sand or an artificial 
mixture of sand and clay, and afti^rwards cutting or rubbing the 
burned bricks until the desired pattern or shape is produced. To 
be suitable for this purpose the bricks must be soft enough to be 
readily cut or rubbed to the desired shape, and for obvious reasons 
are termed cutter bricks and rubber bricks ; they are not so largely 
used now as formerly, as they have largely been replaced by pressed 
bricks of almost any desired shape ; such bricks contain less sand 
and so are much more durable than the soft cutter and rubber 
bricks. There is no essential difference in composition between 
cutter and rubber bricks, and the same sand is used for both. 

The difficulty experienced in obtaining sufficiemt quantities of 
natural earth suitable for cutter and rubber bricks has, for a long 
time, compelled most manufacturers to make them by adding a 
suitable proportion of sand to a washed brick earth. The addition 
of a large proportion of sand is nece.ssary to ])roduce bricks which 
will be of the same texture throughout, and so 5 deld a uniform 
appearance after they have bpen shaped by rubbing or cutting, and 
to give them an agreeable face. 

The sand for cutter and rubber bricks must be sharp and angular 
and of a moderateljy fine grain ; it should not be coarser than 30- 
mesh nor finer than 120-inesh. Aft(?r burning, the colour of the 
sand myst be the same as that of the clay to which it is added. 
As white, red, and bun bricks are made, the 'sand used must be 
selected so that its colour after burning conforms to that of the 
kind of bricks to be made. Rubber and cutter briejes are usually 
red, and for this purpose a red-burning sand is hsed, such as those 
employed for moulding (p. 6). For white or buff bricks, some of 
the sands mentioned under sand-facing above may be used. The 
most suitable sands must usually be found by trial. 

Uses of Sand in drying Bricks. — In drying, bricks are sometimes 
piled one above another to a height of about 8 bricks or courses, 
and, in order to prevent the adhesion qf the bricks one to another, 
sand is usually sprinkled upon the top of each course before another 
one* is plac^l upon it*. The sand for^this ^rpose should be the 



8 PREPARATION OF SANDS FOR BRICK-MAKING 

'riame that uaed^ |.n moulding the bricks. The sand is seldom 
ne^ed if the briefka are first dried singly on a warm flf)or or on 
boanJ^ on a car, jbut only when they are taken direct from the 
mbulds^or Miachine and piled on one anotlier. Bricl& made of a 
, very sti^ paste are less liable to adhere than those made of a softer 
paste, and do hot usually inquire to be sprinkled with sand.* 

Sand is sometimes dt^sted on to bricks laid singly on a drying 
floor So that any soluble salts, which would otherwise discolour the 
bricks, may be absorbed by the sand, and if this is brushed off 
before bricks are taken to the kiln they will be clean and free 
from scum. Grog or brick -dust, being more porous than sand, is 
often superior to it for this purpose. 

Use of Sand for Glazed Bricks. - Sand is used in the preparation 
of the glazes for coating bricks for interiors, sanitary work, etc. 
The glaze consists of a mixture of fidspar, pegmatite, whiting, and 
sometimes one or more metallic oxides together with silica or a 
pure sand which is added to increase the whiteness of the glaze, 
to provide the silica necessary to produce a clear, glossy glaze or 
glass, and to enabk^ the glaze to adhere properly to the clay. 

Flint is usually preferred to sand on account of the greater 
fineness to which it has been reduced by grinding, but a very fine 
and pure sand is sometimes equally satisfactory. The most suitable 
sands for glazes ar*c those used in the manufacture of glass, which 
are fluxerl together with various other materials to produce a 
homogeneous glass. This subject is dealt with more fully in 
Chapter XII. 

Preparation of Sand for Brick*making. — The sand used for brick- 
making does not usually requii’e any preparation. In some cases it 
may require to be sifted or screened by one of the devices mentioned 
in Vol. 1. Chapter X. in order* to free it from coarse matter, but 
unless the sand can be used without any serious amount of treat- 
ment it should usually be rejected, as Jhe cost of treatment, in most 
cases, would be prohibitive. 

The two exceptions to this statement are screening and drying 
the sand. ^ 

i^creening is not expensive, and as it can be used to free the sand 
from excessively coarse material as well as unduly fine ipaterial, 
it should seldom be Omitted. 

Drying may be necessary if the sand is damp when it is obtained. 
It is often sujficient if the sand is merely spread out in the open 
air in thin layers iVhich are repeatedly raked over so as to expose 
every particle to the air and especially to the sun’s rays. This 
method can, of course, only be used when the climate is suitable ; 
where it is not so, an artificial dryer must be employed, such as 
one of those described in Vol. I. p. 401^ A hot floor is sometimes 
used, though it is not satisfactory for large outputs as the labour 
involved makes it more cips^ly than a mechanically operated dryer. 
Other artificial meth^^ds of drying, such" as those described in 
Vol. I. pp. 401-413, Ure satisfactory, but the cost ot installattion 



. SANDS FOR LIME-SAND BRICKS !) 

* • • *' 

mil be prohibitive unless the quantity of ^sand to be dried A 
sufficiently large. • * ^ ^ 

Testing. — Very few tests can be applied to stnds which nifty be 
used in brict-making, and yet, if more care were taken, liiufli befter 
results might be obtained. The jirincipal tests •which iliould b( 
applieif are : 

1. Cleanness (I. 244). 

2. Chemical (;ompositk>n, whore this is important, and especially 

the iron content (I. 237). 

1. Texture, including the sharpness or angularity of the grains 
(I. 24(i). 

1. Appearance and colour after burning in contact with the clay 
with which the sand is to be used. 


Lime-sand Bricks 

Tn many localities w'here clays and brick earths are scarce or 
unsuitable, bricks are made from a mixture of about 8 parts ()f 
lim(^, 85 parts of sand or crushed ro(dc, and 7 parts of water, the 
essential feature of th(‘se bri(4vs b(‘ing that th(5 lime and sili(,*a are 
combined during the process of manufacture to form hard, strong, 
and durable bricks, which have most of the advantages of bricks 
made of (day without sonu^ of their disadvantages. 

The method of manufacture was first patented in 1880 by W. 
IVlichaelis, who found that when mixtures of lime and silica were 
subjected to the action of steam und(T pressure, a hard, strong mass 
was produced. By making the sand and lime into the shape of 
bricks before hardening, a very satisfactory building material is 
produced, the briijks improving with age, though they can safely 
be used immediately after they leave the hardening chamber. 

Lime-sand bricks have not become very })o])ular in this country 
on account of the ready acciissibility of ample supplies of clay, but 
they are very popular in Germany, Sweden, some i)arts of the 
United States, and in otluT countries where suitable clay is scarce, 
but suitable sand i^t abundant. 

The exact composition of the compound of lime and silica formed 
is not f]efinitely knowj^ ; it was considt;red, at one timti, to be a 
simple calcium silic;ate, CaB 2 Si 04 , with or with’out combined water, 
though now it is known to be much more complex. It is very 
difficult to isolate and examine this compound, but from experi- 
ments which have been made it appears to Iiavc the following 


composition : 

Silica 

. 43-1 per cent 


Alumina 

. LM » 


Lime «. 

. 'M’2 


Water 

. tt-5 


which corresponds closely to the followi«g*forraula or some multiple 
of it— , 

60aO.Al2O3.5SiOj.3H2^ 
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The.amounr oi \yarer wmcn enters into combination vanes 
gre?^l^, but the cohtposition of the best bond appears to approximate 
closely to that of Portland cement, though it is usually richer in 
silica thfn the latter. Attempts to prepare a definite cSimpound of 
^lime and#ulica for use as a binder have proved unsatisfacto^, and 
the binding action appears to bo due to a series of compounas each 
acting independently, thcT^hief of v^iich are colloidal silica, colloidal 
hydrated lime, and one or more complex ijalcium silicates which do 
not correspond precisely to any chemical formulae, possibly because 
they are in the colloidal state. In the course of time, and especialfy 
on heating in the hardening chamber, these colloidal materials con- 
tract, harden, and thus tightly bind the particles of sand together. 

The sands used in the manufacture of lime-sand bricks should 
occur near to where the bricks are made, as otherwise the cost of 
transportation may be excessive. There is a very large variety of 
sands which may be suitable for the manufacture of lime-sand 
bricks, including rock sands, river sands, sea sands, blown sands, 
etc., though some are preferable to others. 

The ideal sand for making lime-sand bricks is one which consists 
of round or angular grains of silica with no loose impurities and 
containing a sufficient amount of very fine material to produce a 
sand with a minimum proportion of Voids, the fine grains filling, 
as nearly as possible, all the interstices between the larger particles. 

Sources of Sands. — Most sands of fair purity are suitable for the 
manufacture of lime-sand bricks, and they are available in so many 
localities that no list of their occurrences can be given here. As 
yet, few of these sands have been tried, but the Lower Greensand 
beds of Sussex and the Lower Eocene beds of Surrey, particularly 
at Beddington, have been used satisfactoi’ily for this purpose. 

Sands may also be made by crushing siliceous rocks, the best 
rocks for the purpose being pure quartz, or quartzites, which, when 
crushed, have properties almost identical with those of the jmrer 
sands. The cost of crushing is usually prohibitive. Quarry waste 
— which might, otherwise, involve a cost for tipping and storage — 
can be used in some cases quite satisfactorily. < 

Crushed rocks for use in the manufacture of lime-sand bricks 
should be specially examined to determine their suitability.^ Some 
consist of minute gl6bular grains which have little or no felting or 
interlocking power, are deficient in surface area relative to their 
volume, and (V) not react readily with lime. Such grains are prac- 
tically useless unless they can be mixed with some other more 
suitable muterial, in,^ which case they form a cheap diluent rather 
than a desirable constituent of lime-sand bricks. 

The chemical composition of the sand is not of very great im- 
portance, though the sand should proTerably consist entirely of 
grains of quartz. The presence of other substances as impurities, 
if in large quantity, rend^r^ the sand of small value, as these sub- 
stances will not prod^e a suitable silicate with the lime, and so 
will lessen thfe stren^h of Che bricks. If, however, Qxe grainy of 
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foreign i^jatcrial are coated with silica, or areipresent as inolustons 

in the quartz grains, a comparatively large projfortion of impu^ty 
may be pre|ent without doing any harm. Son^ sands whicH §,re 
relatively low in silica, provided that the silica completfly Aivelops 
the grajps of other material, sometimes [yove to be tpjite saMsfactory 
for the manufacture of lime-sand bricks. Hence, the chemical 
composition of the sand is of muifi less iiuffortance than the physical 
conditions and distributipn of the constituents. The difference 
between suitable and unsuitable sands is shown in Figs. J and 2. 
Tn Fig. 2 the impurities arc all inside the quartz and are therefore 
harmless, whilst in Fig. 1 they are outside and would, if made into 
bricks, give a weaker product. The suitability or otherwise of a 
sand can be ascertained to som(‘. extent by an examination of the 
material with a microscope (I. 241). Thi^ presence of very small 



Fio. 1. — Unsuitable sand. Frc. 2. — Useful sand. 

grains of impurity in the interstici^s lietween the larger grains of 
quartz is not harmful, providinl that thi^ particles of impurity are 
extremely small and do not interfere with th(‘ uniform coating of 
the quartz grains by lime during the mixing proiicss. 

Whilst impure sands can be used for lime-sand bricks, if the 
impurities are covered as dtm;ribed, a pure sand is naturally to bo 
preferred if it is availabh^, especially as impure sands are seldom 
completely coated with silica. It is consequently risky to use 
very impure sands, ^nd the material should bo very carefully tested 
by an expert before any large amount of capital is expended in 
exploitvig it, I 

From the foregoing statements it will be understood that the 
proportion of silica in the sand used — this being the factor upon 
which the purity of the material is usually based — gives but little 
guidance in deciding whether a given sand will be satisfactory in 
the manufacture of lime-sand bricks. Tn fact, it has been estab- 
lished that many sands which have been regarded as useless on 
account of their low silica content have been excellent when made 
into bricks, as their impunities have, fortunately, been sufficiently 
enveloped by a coating of silica and so rendered innocuous. 

It has been stated J)hat sands containing a large proportion of 
felspar are preferable to those consisting whe^ of quartz on account 
of a mistaken idea that lime and felf^ar rtSet rAoriiU. +iinr. 
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lime and quartz. 'Aija is, however, incorrect, and no sandhis better 
for^he purpose th^ one consisting of pure quartz. 

nas also bcei suggested that a sand containing soluble silica, 
i.e. silieft wMch is soluble in a strong solution of caustic soda (I. 204), 
should b* preferred to one qf pure quartz, as the soluble silica might 
be expected to react more readily with the lime. This is not found 
to be the case in practice, and if*\some of the sand is in a very 
finely ground condition, equally satisfactory results can be obtained ; 
still, very finely ground quartz reacts readily with lime. Some yeiy's 
ago, the author made a numlK^r of tests on the use of soluble silica 
for lime-sand bricks and found that when pure sands were treated 
with caustic soda none of the silica was soluble, but when mixed 
to form lime-sand bricks, 5 per cent of the silica was attacked and 
[combined. Thus, the lime is able to deal quite effectively with 
pure quartz and the presence or addition of soluble silica and 
amorphous silica is unnecessary. To secure the most effective 
results, however, it is necessary to employ some of the sand in a 
very finely divided state, as the author has found the sand grains 
between 25- and 36-mesh are not appn^ciably affected by the lime, 
even when they are exposed to the action of steam, under pressure, 
for three times as long as usual. 

The cost of grinding the sand to a fine powder would be pro- 
hibitive and unnecessary, but a sufficient proportion of it must be 
very fine, so as to secure the (effective combination of the lime and 
the sand. In some cases, the sand contains a sufficient quantity 
of very fine grains of quartz and does not require any special 
treatment ; otherwise a portion of the sand may have to be ground 
specially fine or some other form of fine silica may have to be added. 
Finely ground flint and kieselguhr have been used to supply the 
fine silica necessary, but whilst satisfactory from a technical point 
of view, they are generally too costly to be emjiloyed. 

The ejfect of day in the sand is generally harmful, as the clay 
is liable to coat the sand grains and prevent the interaction between 
the latter and the lime. Consequently, the sand should usually be 
as free as possible from clay. Some manufaci'mrers have found, 
however, that the presence of 2-3 per cent of clay is an advantage. 
This is probably due to the fact that a ^all quantity ,of clay 
introduces a little alumina into the complex calcium sili(;atc and 
gives a bond which approaches Portland cement in composition 
and is, therefore, very strong. The presence of 2 per cent of pure 
clay in a sand will 'introduce 0*7 per cent of alumina, and this is 
all that is required for 6*5 per cent of lime. 

To a certain extent the fine clay particles act in the same way 
as the smaller particles of silica and aid in the binding together 
of the larger particles, and for this reason the presence of a little 
clay in a coarser sand which requires the addition of fine particles 
may not be harmful, but the addition of clay is less satisfactory 
than the addition of /fine particles of sand, which have all the 
advantages without tHe dra\^acks of clav. 
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The effect of the presence of small quanjt^ilics of clay is ter^ 
difficult to ascertain, but larger proportions df * clay are tjw^ys 
harmful, sinjo the clay particles, being extreme^ fine, arc att[if?kcd 
by the lime much more readily than are the coarstft* grains* of 
silica, so that if there is more clay than f^e lime is able to neutralise, 
the rcsflltant bricks will be weak and imperfectly bonded tog(?ther. 
-t'or this reason, sands containing clay, if used at all, require the 
presence of a larger proportion of lime than clay-free sand. This 
fa^t has been confirmed by the experiments of Michatdis and 
independently by those of Ghisenapp. 

It is not generally desirable to wash sands for making lime- 
sand bricks in order to remove the clay, as in doing so some of 
the finest grains of silica will be lost at the same time, and the 
removal of those fine grains may be more harmful to the material 
than the priLsonce of the small proportion of clay. Tf the sand is 
so impure that washing is imperativi', it may be micessary to add 
a small proportion of fine silica to the washed sand, in order to 
restore the necessary (juantity of fuui grains to fill up the voids 
betw(?en the larger particles. 

Lmefstone dust and chalk are objectionable in the sand, as they 
coat the grains with an inert material and prevent the formation 
of a proper bond. 

Organic matter should not be present, as it prevents the inter- 
action between the lime and sand. 

Soluble salts should not be present in the sand, as the bricks 
made from a salty sand are liable to scum badly and so have an 
unpleasant appearance. The action of salt is, however, rather 
uncertain, and in some cases saltj^ sands from the seashore have 
been used extensively without any diflicailty arising, though it 
is generally better to avoid such sands. Dune sands which have 
been well washed by the rain are quite satisfactory, as most of 
the soluble salts have been rcynoved in solution. 

Ferruginous matter in the sand is not of great importance 
imless bricks of special colour are desired. The lime used in 
making the bricks 4K^nds to mask the brown or red colour of the 
iron compounds, so that whilst a pure whitr^ sand is the best, the 
presence of a small percentage of iron compounds is not harmful, 
especially if the gi’ains'of ferruginous matter aVe coated over with 
silica. This may be determined by examination under a microscope. 

The texture of the sand used for lime-sand bricks is very 
important, even more so, in some resix>cts, than the chemical 
composition. The grains may be either round or angular, but they 
must not be flat or flaky, as are micaceous sands. The relative 
values of rounded and angular grains are a matter of Some con- 
troversy, though in some •ways rounded grains are preferable; 
they roll so easily together and so render the amount of voids 
as small as possible, whilst angular grains tend to form larger 
interstices, though in some cases thev intolock and reduce the 
siz^ of the •voids. Afi a general ruld; however, sharply angular 
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gra*ins .tend to prodvce a weaker brick than one made with sub- 

angular or alrno^ round grains of sand. Sharp - graiifed sands 
ofjbefi require a large proportion of lime on account of the greater 
percenftige*'of voids present. Excessively rounded grains, on the 
, other h»nd, are undesiral^e, as they are difficult to use and do 
not bind well. Tf they must be employed, and the sand is sufficiently 
coarse, it may be necessfiry to grifid about 25 per cent of the sand 
so as to produce a sufficient quantity of ^arp material. 

The size of the sand grains, as has already been mentioned, 
is of great importance, as the lime will only react satisfactorily 
with the finest grains. Yet the grains should not all be fine, as 
grains of several different sizes are required to produce the most 
satisfactory bricks. The ideal sand should contain no grains 
which remain on a 20-mesh sieve, but should be composed of 
grains of such various sizes that the smaller ones fill the interstices 
between the larger ones. When all the grains arc mixcKl together, 
the final interstices should be such that after mixing the sand 
with lime each particle of sand is coated with a film of lime and 
no voids are left. To ensure this, it is necessary to use a sand 
consisting of grains of many different sizes. Sands composed of 
grains of only one size— no matter whether they are large or small 
— do not pack so closely together as those composed of grains 
of various sizes. 

An excessive proportion of large grains is undesirable, because 
large grains produce large and numerous voids and there will 
not be a sufficient number of points of contact between the various 
grains ; consequently, the bricks will be weak. 

Under ordinary circumstances, at least 12 per cenfc, but not 
more than 15 per cent, of the sand should ])ass through a 100-mesh 
sieve, and of this about one-third should pass through a 200-mesh 
sieve. This will provide a sufficient proportion of the finest grains ; 
an excessive proportion is undesirably, as they will tend to produce 
weak bricks, because the fine grains have a much larger surface 
in comparison to their bulk than coarser grains, and so require 
a larger proportion of lime to coat them. Moreover, finely ground 
sands are often badly graded and require a larger proportion of 
lime to fill the voids. They also contain a large voluiqe of air 
which is extremely ‘difficult to displace. 

There is also another difficulty, due to the fact that the finest 
grains and all the material which passes through a 200-sieve will 
generally contain 'all the clay and much of the other impm-ity in 
the sand,* and if this is in a large projjortion the sand will have 
to be washed before use. If, however, the proportion of clay 
and other fine-grained impurities is not more than 4-5 per cent, 
little harm will be done, and there it^then no necessity to wash 
the sand. 

Sands which contain giains of unsuitable size, or in which the 
grains are too unifornyin size, may be greatly improved by screening 
out the undulv coaffie grafhs and by adding rock oii sand \^liich 
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has been ground and screened so as to cont|iin grains of tho^ize*^ 
in whicn the original sand is deficient. Thus, H^hero the a^di^tion 
of a quantity of coarser grains is essential, it may be supplied 
either by tne addition of a sand containing a sufficii^nt fpianlity 
of coarse grains or a suitable proport j^on of crushed roc^ may be^ 
added to the sand. * 

Where there is an insufficidtit propoi*tion of fine grains, silica 
flour must be added. TJiis is produced by grinding some of the 
sjnd until not more than 20 per cent of residue is left on a 2(X)-mcsh 
sieve. A ball mill, pendulum mill, or a tube mill is the most satis- 
factory machine for this purpose (see Vol. I. (chapter VUI.). 

The effect of the size and grading of the sand used for lime- 
sand bricks is shown in the following Tables I. and TI., due to 
Peppel. Bricks were made of two .sands of the composition shown 
in Table? I. in various proportions, 5 per cent of lime being used 
in each case. 


Taulk T. — (Jrain-sizks of Two Sands 



20-10 

40*(>0 

(10-80 

8()-J0() 

100-1-20 

i20-ir)0 

ir.0-200 



Mesh. 

Mesh. 

Mesh. 

Mesh. 

Mesli. 

Me.sh. 

Coarso .sanci 

50 

Xi 

7 

7 

2 

1 


Fine sand 





0-7 

1 

125 


The strengths of the resultant bricks are shown in Table II. 


Tablk II. — Kffkct of Fineness of Sand 


CoMipositioii of Mixture. 

• 

Crushing Strength, 

T(!nsil(' Strength, 

Coarse Sand. 

Fine Sand. 

lb. per .sq. in. 

lb. j)er s<|. In. 


iP 



8 

2 

3114 

131 

• 4 

2 

2955 » 

144 


2 

2401 

224 

> 


It will be seen that the larger the proportion of fme sand the 
weaker are the bricks. Some fine sand is necessary, however, 
to secure effective combination with the lime ; if present in much 
more than this proportion Very fine sand is a source of weakness. 

One of the best methods of comparing sands as to their suitability 
for making lime-sand bricks is to find the proportion of different 
sizes of grains and plo't them in the formt of a graph, using the 
method enjployed by Boswell (I. 2^5). R sand which has no 
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grading, i.e. in whic^ all tho grains aro of the same size, will be 
repfes^cnted by a' tertical line, whilst tho greater the gracling, the 
roller and smor)ther will be the curve. The best materials 
are thoSe w^iich produce a smooth round curve. * 

, The fomparison of materials for li rue-sand bricks may also be 
made by means of the sm*facc factor as described in Vol. If'p. 21 1, 
and also on p. 38 in <?onnectioifi with the grading of sands for 
concrete. 

It should be realised that the grading of the sand is of gre^t 
importance if the best and strongest bricks are to be obtained, 
so that the sand should be frequently and carefully tested for 
feeness as described in Vol. T. p. 246 ; if the grading of the sand 
is not suitable^, a sufficient quantity of grains of other sizes must 
be added until a suitable grmle is obtained. This testing is equally 
as important in the ordinary course of manufacture as in selecting 
a supply of sand. 

The voids in a sand used for lime-sand bri(;ks should be such 
as to give the strongest possible bricks consistent with sufficient 
porosity to prevent the interior of houses built of the bricks from 
“ sweating ” or “ condensation ” on the interior walls. The pro- 
portion of voids depends largely on the grading of the sand and 
on the selection of grains of sufficiently varied sizes. As climatic 
conditions vary in different localities, no very definite rule ( 5 an be 
given as to the best proportion of voids, but, in gernsral, there 
should not be less than 8 per cent nor more than 20 per cent of 
voids except in unusual circumstances. Tho smallest pro]jortion 
attainable, with a minimum of 8 per cent, is generally found to be 
most satisfactory. Careful attention to the proportion of voids 
and to the sieve-tests of the sand during the ordinary course of 
manufacture will save rtiuch trouble and loss in the manufacture 
of lime -sand bricks. 

The sand should be dry when use^l, as, if an unknowTi amount 
of water is present in the sand, it is impossible to know how much 
more should be added. If too little water is pn^sent in the mixture 
of lime and sand, the lime will not be propeiiiy slaked, and as a 
result the bricks will be weak and will crack and “ blow ” when 
in use. If too much water is present in the mixture (as /x result 
of using wet sand) the mixture will be too Soft and tlic bricks will 
not be properly pressed. A skilled pressman can tell by observation 
whether the iiiixture is too wet, so that tho amount of water to be 
added is usually decided by him, and notwithstanding the great 
importance of using dry sand, this material is seldom dried, as the 
cost of doing so is in most cases regarded as prohibitive (but see 
p. 17). 

The lime -sand brick industry has •suffered greatly in many 
localities from the lack of knowledge on the part of those who 
have attempted to make bricks by this process, as the method, 
though simple to a skdlled man, is not so simple as some people 
suppose. 
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Preparation ol Sand for Lime-sand Bricks.^-The object of the 
manufacturer of lime -sand tricks should be to secVre a sand ^%hich 
needs as little preparation as possible, as an};* such treatirlbut 
increases the cost of manufacture. Most sands rcqhiro* some 
preparation before they can be used, bi|Jb it should be redweed to 
a minimum. 

Washing, if more than about* 3 per ceftt of clay is present in 
the sand, is generally desirable, though sometimes (?ven with this 
• proportion it is not necessary. Bricks have been made with sand 
containing as much as 20 ptT cent of clay, though usually it is 
preferable to wash such a sand. The loss of fine silica grains 
^ which are carried off with the clay during the washing should be 
replaced by the addition of a suitable proj)ortion of silica flour. 

The washing may be effected by whichever of the methods 
described in Vol. I. p. 384 may be most suitable to local conditions. 
The Freygang apparatus and others of a similar nature are very 
satisfactory for removing small proportions of clay and other fine 
materials, and as they permit a very accurate separation to be 
made, a minimum of valuable material is lost. As washing is 
generally a costly process, it should be avoided as far as possible 
(see p. 12). 

Dnjing is not usually necessary unless the sand contains more 
than S per ct;nt of water. It is generally sufticient to spread the 
sand out on a sloping bed of concrete or wood and to expose it to 
the air for a few days. Where this is not sufticient, some form of 
artificial dryer inust bo used (1. 401), though it will usually be 
found that "the cost of its installation is prohibitive. One of the 
most economical and satisfactory types of dryer for tliis purpose is 
a rotary dryer (1. 410), in which the sand can be heated by flue 
gases in an inclined drum or C 3 dinder provided with paddles. 

Grinding . — Where there is not a sufficiently large proportion of 
fine grains, some silica flour orbits equivalent must be added. This 
is usually made by grinding part of the sand to a fine powder. 

Where bricks are made of sandstone, the whole must be ground 
to pass through a 20-mesh sieve, and a small part of it further 
reduced, if necessary, to produce a sufficient quantity of the finest 
grains. , ^ 

Rocks should preferaoly be broken down to pieces not more than 
1 in. diameter either by hammers or in a jaw-crusher (I. 347) or 
disintegrator (I. 352), and the product then ground, 4f necessary, 
in an edge-runner mill (I. 374). The last-namedf must not be fed 
with pieces which are too large, or the grinding will be unduly 
costly. Some sandstones can be reduced to a suitable size in a 
jaw-crusher followed by a disintegrator, without an edge-runner 
mill being needed. ^ 

The supply of finest grains can best be obtained by finding, a 
portion of the material in a ball mill (I. 365), pendulum mill (I. 371), 
tube mill (I. 369), or similar fine-grinding ma(ffiine. 

8$reening.(r-Mtev crashing, the sand’shoulc/ be screened, a per- 

voL. n 
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folatecl plate (I. 44"^) having J-in. holes, or a gauze sercen (I. 444) 
being generally tae most satisfactory fqr the purpose. Even when 
no ^crushing is noT?cssary, it is still wise to screen the sand. Some- 
times,'* if a sand contains pebbles or other coarse material, it may 
be besh4o scrcen and separate the coarse particles rather than grind 
the sand. 

If the sand is at air damp, a vibrating screen (I. 449) may be 
necessary in order to prevent the clogging of the meshes. 

In some cases, several screens are necessary, in order to divide 
the sand into a number of different grades or sizes, which can 
afterwards be remixed in suitable proportions. Although this pro- 
cedure is essential in some cases, it should be avoided as far as 
possible, as a mechanical mixer cannot produce so uniform a material 
as a natural sand. 

The screening must be very carefully carried out, since upon it 
largely depends the final strength of the bricks. Imperfect screening, 
and especially imperfect grading, may lead to serious results. The 
screened material should always be carefully tested for fineness 
(I. 246) so as to ensure that it is suitably graded. 

Testing. — The testing of sand for use in making lime-sand bricks 
is most important and should preferably be done by experts, as 
ordinary analytical chemists have neither the necessary appliances 
nor the special knowledge required. The tests are especially neces- 
sary before starting a new works, as failure may result from the use 
of unsuitable mat(jrial. They should also be repeated at intervals 
in order to maintain a constant product. 

The collection of samples for tests should be carried out as 
described in Vol. T. p. 235. 

The principal tests necessary are : 

1. Determination of the percentage of moisture (I. 238). 

2. Determination of the percentage of silica (1. 238). 

3. Determination of the loss on ig’nition (I. 239). 

4. Determination of the percentage of silt (I. 250). 

5. Determination of the percentage of clay (I. 245). 

6. Determination of other impurities (this i.^not often necessary). 

7. Determination of the percentage of voids (I. 261). 

8. Determinaticn of fineness and grain - ize (I. 246). 

9. Microscopic examination (I. 241). 

Defects caused by unsuitable Raw Materials. — Absorj^tion . — If 
the bricks are excessively porous, the cause should be first sought 
in the imperfect grading of the material, which will cause too large 
a proportion of coarse grains to be present, together with an in- 
sufficient quantity of fine grains to fill up the interstices between 
them. The remedy for this defect ob?iously consists in correcting 
the grading of the sand, as described on p. 14. Other causes of 
excessive absorption which have nothing to do with the sand need 
not be described here; 

Blotches or discolorations in the bricks may be due to the use of 
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unsuitably sand containing an excessive prd^jortjon of coloured 
impurities. Discoloration may also be due to* the presencn^ -of 
soluble salts jn the sand, which produce a white*scum pr “,pest» ' 
on the surf act? of the bricks. Sea sand frequently forms a white 
scum du^ to the salt i3resent in it. The fern edy is to avoid*thc use 
of such sands because of those defects. ^ 

Chi'pjnwj or sjjalling is sometfmes produced in lime-sand bricks 
by the use of sand of irregular composition or of iinpeT*fectly mixed 
maierials. This results in the outsidt' of tlu? bricks being different 
from the interior and so setting uj> stresses which cause the dis- 
integration of the bricks. 

Cracks are sometimes due to the list? of an unsuitabh; sand, 
though more often they arc the result of some error in manufacture. 

Dastiruf is sometimes caus(‘d by the presence of fine? impurities 
in the sand. These are not cemented in the hardening process and 
gradually come off as a fine dust. Scum caused by soluble salts 
(s(ie above) should not be confused with dusting.” 

Irregularity in texture is due to bad grading and also to imperfect 
methods of manufacture. 

Weakness is often due to the use of a badly graded sand, though 
the method of manufacture may have much to do with the final 
strength of the bricks. 

Further particulars respecting tin? manufacture of lime-sand 
bri(?ks will be found in the author’s Bricks and Artificial Stones of 
Non-'plastic Materials (Churchill). 

Artificial Stonk 

Artificial stone? is similar to lime-sand bri(;ks, except that 
materials oth(?r than sand are sometimes used as an aggregate and 
materials other than lime are often used as bonding agents. The 
nature of the ‘‘ stone ” and the^ncthod of manufacture are, however, 
very similar. 

CVushcd ro(;ks (chiefly composed of (|uartz) and sand have been 
used for making artificial stone since 1800, when F. Ransome first 
made bricks by mixing one })art of sodium silicate with 18 parts of 
(crushed (Quartz, the past^ mass being moulded tp the desired shape 
and then immersed for several weihs in a solution of calcium 
chloride. This caused the decomposition of the sodium silicate with 
the production of a complex calcium silicate apd cf)mmon salt. 
This silicate acts as a binding agent and firmly bonds together the 
particles of quartz. The common salt is dis.solved out by immersing 
the bricks in a stream of running water for a sufficient time. Such 
bricks had a crushing strength of 7000 to 12,000 lb. per sq. in., but 
the process was never coiflmercially profitable as the reaction 
between the calcium chloride and the sodium silicate is not complete, 
especially in the centre gf the bricks, und as the salt cannot be 
completely washed out, the effect of rai^ on bricks gives them 
an unpleasanl^ appearan6e. 
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Ford’s stone is usaally classed as an artificial stone, though it i; 
simgiy a lime-saiid brick consisting of a 92-95 parts of sand anc 
5^8 paj:ts lime, niade into bricks and hardened with r-super-heatec 
steam. Tke properties of the stone are identical with those o; 
lirne-sarki bricks. i 

Victoria stone, Imperial stone. Empire stone, Indurated stone. 

etc., are artificial stones prepared by uniting particles of sand oi 
crushed rock with Portland cement or sodium silicate. The sane 
used for these stones should have the same characteristics as thal 
employed for lime-sand bricks. In some cases the sand is only used 
as a facing for the artificial stone, the centre of the blocks consisting 
of crushed stone or other coarse material. 

Some artificial stones are made from a mixture of 4-5 parts ol 
sand or crushed stone and 1 part of molten pitch. 

Mortar bricks arc artificial stones made by mixing slaked lime 
and sand and allowing them to stand for 6-18 months in the open 
until a hard cement is formed by the action of the carbon-dioxide 
in the atmosphere on the slaked lime and by the interaction between 
the lime compounds, silica and water. These bricks are now little 
used and have been superseded by lime-sand bricks and by concrete. 

Sorel stone is made from a mixture of sand or other inert material 
and magnesium oxychloride commonly known as Sorel cement. 
Unfortunately, the cement is affected by wat(‘.r, so that Sorel stone 
is not very suitable for outside work ; for interiors it is extensively 
used. 

Further information on artificial stones will be found in the 
author’s Bricks and Artificial Stones of Non-plastic Materials 
(Churchill). 

Light or Porous Bricks and Insulating Materials 

Light bricks of very high porosity and extensively used for 
insulating walls, etc., are made by the addition of kieselguhr or 
diatomaceous earth (I. 96) or sand to the clay used for maldng 
the bricks. The manufacture of such bricks' was known in very 
ancient times, but it was completely lost until the close of the 
18th century, when M. Fabbroni rediscovered the method »and used 
an Italian diatomaceous earth for the purpose. The so-caUed 
“ floating bricks ” may weigh only one-sixth as much as ordinary 
clay bricks, and are largely used on the Continent for insulating 
bricks, sound-proof partitions, etc. 

Sources. — The chief sources of kieselguhr and diatomaceous sands 
are given in Vol. I. p. 96, where the properties of these materials are 
also described. 

Pumice (I. 137) has also been used 'on the Continent for making 
light or “ floating bricks,” the powdered pumice being bound with 
a suitable proportion of lime or clay. ^ 

Properties of Materials. — ^The materials used for the manufacture 
of these bricks must be sufficiently pure to* produce articles of the 
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requisite ^lightness. Whore any particular colour is desired, The 
material must not contain any impurities which ^ould proven^ this 
colour being obtained. 

Most commercial kieselguhr and similar diatomaceoiffe sahds are 
sufficiently pure for this purpose, as ^the requirements tare not 
stringeni;. In making kieselguhr bricks, the lighter coloured 
varieties are generally preferable, the besl being pure white or a 
light cream colour. The ^ze of the grains is a matter of little con- 
sequence in the case of porous materials like kieselguhr, pumice, etc., 
as it is not controllable. The principal requirement is that the 
material should be extremely porous ; this is not difficult to obtain 
with a reasonably pure material, as each microscopic grain is a 
hollow siliceous skeleton, with walls of extreme tenuity. 

Preparation of Materials. — Little preparation is needed to 
render kieselguhr and allied materials suitable for brick- making. 
It is dug out in blocks and allowed to stand in the open to dry 
as described in Vol. I. p. 100. If necessary, the material may be cal- 
cined, and ground in a disintegrator (I. 352) or some form of fine- 
grinding mill (I. 363). 

Pumice is generally obtained in pieces varying in size which 
should bo freed from obvious impurities by hand-picking, and 
groimd in a disintegrator (I. 352) or fine-grinding mill (I. 363) 
before use. No other preparation is necessary. 

Testing. — ^The tests to bo applied to materials for making 
light-weight bri(;ks depend chiefly on the use to which they are 
to bo put. The chief test in any case is 'porosily (I. 261), as the 
percentage of voids is the determining factor in the W'eight of the 
bricks. 

Other tests which may be necessary for special purposes are : 

(1) Kefractorincss (I. 260). 

(2) Chemical conqiosition (I. 237). 

Refractory Bricks 

Refractory brickf! such as silica bricks, ganister bricks, etc., 
are made from sands or crushed rocks in a similar manner to 
ordinary, bricks, but thev possess the quality of^being able to resist 
high temperatures, so tnat they are suitable for the construction 
of (and for lining) furnaces and other appliances in which very high 
temperatures are reached. Such bricks are more •conveniently 
dealt with in Chapter VII. 



CHAPTER Jl 

THE USE OF SANDS IN CONCRETE 

Concrete is a widely used building material which consists of 
particles of inert non -plastic substance united by a cement to forju 
a hard, stony luass useful for all the ordinary purposes for which 
natural building stones are employed, and having special adv antages 
in the constinction of bridges, breakwaters, docks, canals, danis, 
reservoirs, etc. Its use has extended enormously and each year 
new uses arc made of it. 

The non -plastic material which forms the greater’ part of the 
concrete consists chiefly of broken stone or equivak^nt material, 
usually referred to as coarse, aggregate^ and saml of different degrees 
of fineness, tc^rmed fine aggregate, so that concj’cte may be said 
to be comjrosed of four constituents : (a) cement, (6) coarse aggregate, 
(c) sand, and (d) water. 

The appai’cnt simplicity of concrete as a building material is 
the cause of much slipshod practice in its pre^jaration, and many 
builders and contractors have developed the erroneous idea that 
any kind of material may be used with satisfactory results. This 
is quite wrong, as in order to prepare a concrete of best quality, 
great care must be taken both in the selection of the materials 
and in the actual methods of preparation. It is, however, only 
proposed to deal here with the sand used in ii^s composition, other 
details as to the cement, coarse aggregate, and pi’oeess of manu- 
facture being fully dealt with in text-books dealing sjjecifically 
with the preparation and uses of concrete. ^ 

At the same time, in order fully to understand what character- 
istics are reqyiired in the sand used for concrete, it is well to consider 
briefly the uses of various constituents employed. The broken stone 
or coarse aggregate forms the bulk of the concrete and between 
the pieces of stone are interstices or voids of considerable size. 
These voids must be filled with coarse sand, leaving a product 
with smaller voids, which must in turn be filled with successively 
smaller sand grains, so as to reduce the proportion of voids in the 
mixture to a minimum an(i thereby produce a dense and compact 
mass. The whole o£ the particles in this mixture are bonded 
together by meaner of the much smaller particle^ of ceqient, 
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practicallj^ all of which are less than 200-mesh^ Being very ;ninwtc 
and of a plastic nature when wetk?d, the partieJ^rf of cement coat 
those of the non-plastic material and till any interstices in*tiie 
mixture, sp that if the coarse aggregate and sand have besn pfoperly 
graded and rightly proportioned, the Resulting concrete Js quite 
iinpervidiis to water. The wet, pasty material uuist bo thoroughly 
Tiiixed so that all the constituents are uiflformly distributed and 
each piece of stone and e^ich partu'le of sand ar t; properly coated 
wiyi cement. The mixture is then cast, moulded, or trowelled into 
the desired shape, and after it has been allowed to harden for a 
sufficient time — preferably being k(;pt well wett(;d — the cement 
, sets hal’d, firmly binds together the ])articlt;s of nonqilastic material 
and forms a strong, hard and dense “ stone.” Much of the concrete 
now in use does not possess this impermealiility, but is, on the 
contrary, quite; porous ; this is dm; (;hiefly to lack of care and skill 
in grading the aggregate and sand, and pai’tly to an unwillingness 
to incur the (;xpense involved in such grading and proportioning. 
In many iastances, concrete of the best and d(;nsest quality is not 
required, and a much more roughly prepared mati;rial is quite 
satisfactory, as well as cheap. 

The; chief purpos(;s of the sand are : (i.) to fill the interstices 
between the larger ]jieces of stom; so as to produce a strong mass, 
and (ii.) to reduce the amount of cement which would otherwise 
be necessary to fill all the interstic(;s. Tin; sand is equally as efficient 
a filler as the cement, and is not only (cheaper but eliminates other 
difficulties which are caused when an exc(;ss of cement is used. 

Sources of Sand for Concrete.— A natural sand is usually 
employed to provide the fine non-plastic luaterial in concr(;te. 
Such sands are widely distributed and ample supplies are iisually 
available, either in the beds of rivers or lakes, on the sea-shore, 
or in pits sunk into sedimentary strata consisting of loose sandy 
beds. , 

They may be divided into four classes : (a) siliceous, 

(6) (;alcareous, (r) artificial, and (d) pozzuolanic sands. The siliceous 
sands are used much more extensively than any other, the best 
qualities consisting almost entirely of grains of jmre quartz in 
rounded, siibangular, or sharp grains. 

Siliceous sands nia)^ be derived from an^ of the following 
sources : (a) pit sand, (h) river sand, (c) sea sand, (d) crushed rock. 

Pit sand, provided it is sharp, clean, and free froiq gravel, clay, 
and other objectionable materials, is excellent for concrete, hlome 
pit sands can be made suitable by screening or washing or by 
both these treatments. Much of the sand obtained from pits 
was originally deposited by rivers oi’ lakes and should, therefore, 
be regarded as fluviatile (!• 104) or lacustrine (I. 124) ; pit sand 
of marine origin is usually less suitable for concrete, as the grains 
are more rounded and worn smooth, apd the presence of soluble 
salts in some of these saiids is objectionable. • 

River or Igke sand, when freshly dihdged, ^s often more satis- 
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faetory for concrete, than sand which is quarried, as it iij generally 
cleaner and less a mtaniinated by clay and dirt. 

sami is not generally suitable for making concrete unless 
it has^ been thoroughly washed, on account of the soluble salts 
usually^ present which tei^d to form a white scum on the surface 
of the concrete, and also to retard the setting of the Portland cement. 
At first, and for a mdnth or tuo after making, the strength of 
concrete made with sea water or of concrete made with a sand 
containing soluble salts is less than that made from mateijals 
which do not contain any soluble salts, but after nine to twelve 
months the strength is approximately the same. Where the 
concrete is to be used in sea water, sands of marine origin and con- . 
taining soluble salts may be quite satisfactory, as the appearance 
of the surface of the concrete is not of first importance. An undue 
proportion of soluble salts should, however, be avoided. 

Glacial sands are not very satisfactory for concrete as they 
frequently contain a considerable proportion of felspar, calcium 
carbonate, and heavy minerals. 

Crushed stone is sometimes used instead of sand, and if a good 
hard stone is reduced to particles of suitable size and properly 
screened and graded, it may be used with perfectly satisfactory 
results, its only disadvantage being the cost of crashing and 
screening it. For some purposes, it is even preferable to use a 
natural imgraded sand, as a well-graded sand produces a denser 
and, therefore, more waterproof concrete. 

Some failures have occurred as a result of using unsuitable 
stone as a substitute for natural sand, but these do not occur when 
a hard siliceous stone is used. Portland stone is also used quite 
satisfactorily, but it is most undesirable to use mixed chippings 
and dust from masons’ yards, as the true nature of such material 
is not always known and it may produce an unduly weak concrete. 

Granite sands arc also very satisfactory, and in Devon, Cornwall, 
and Wales arc largely used for making concrete. Tn Devon and 
Cornwall, they are derived from the decomposed granites of the 
china clay areas, whilst in Wales the siftings from the granite 
crushing plants are employed. 

Diorite and gabbro rocks, and many metamorphic rqcks such 
as granite-gneisses^ schists, etc., provide *^very satisfactory sands 
for concrete, except where they are contaminated by mica and 
altered felspfir. Materials containing these substances should not 
be employed as concrete sands for reasons indicated on p. 30. 

Calcareous sands do not generally occur naturally in a sufficiently 
pure state to be used in the preparation of concrete, but they are 
sometimes prepared by crushing limestone rocks to a fine powder, 
though such a practice is only useful in cases where the cost of 
crushing the material is not prohibitive. Apart from this, the 
use of calcareous material for concrete is satisfactory. 

According to Taylor and Thompson, "sands consisting of fine 
limestone screening^ mayMevelop a strength of fiOiIOO per . cent 
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greater t^an that of ordinary sand, though the final strength* is 
attained rather more slowly than with the latt#r. The caujje of 
this difference is not fully known. t • ^ 

Artificial sands are made by crushing rocks or othbr i^assive 
materials and so reducing them to “ san4.” Almost all sai^Llstones 
and mafiy other highly siliceous rocks may be crushed for this 
purpose, though sand made by finishing lS,rger crystals of quartz 
is not generally suitable foj; concrete making, as it produces highly 
angular particles which give an excessive proportion of voids. 
Flint also gives angular grains and, therefore, an undesirably high 
projiortion of voids. 

Crushed volcanic scoriae, such as pumice, are V(Ty useful as a 
sand for light-weight concretes where the aggregati? is made of 
larger pieces of the same material. According to J. P. Nash such 
concrete weighs 14*8 per cent less, is 12-5 stronger than where 
limestone is used, and has about the same strength as a sandstone 
concrete. Pumice also has the advantage of not “ flying ” when 
heated, like granite, flint, and similar rocks. 

Cinders also render concrete very light, but are not a reliable 
material where great strength is required. 

Iron ore tailings have been used very satisfactorily as a sub- 
stitute for sand in concrete ; they are usually well graded and 
produce a strong mass. 

Pozzuolana (1. 136) or trass (I. 165) is sometimes ground to a fine 
powder and used as a sand. Pozzuolanie sands are especially valu- 
able, as they not only act as a filler of interstices or voids, but, in 
addition, they combine with the lime set free when the Portland 
cement is wettcid and so produce a ])ozzuolanic cement which aids 
in binding the particles of non-plastic materials together, and thus 
forms a stronger concrete than when an (mtirely inert sand is em- 
ployed. This fact was well known to the ancient Romans, who 
mixed pozzuolana or trass (or , failing these, ground potsherds) with 
their mortar to increase its strength. 

The value of a material of this kind is specially important as it 
neutralises one of tl'!e most serious defects possessed by Portland 
cement, namely the liberation of free lime, which if the concrete is 
subjected to the action of water as in piers and breakwaters, bridges, 
etc., is, in time, washed Wt and leaves a porous mass, in which the 
liability of the reinforcement to corrosion is considerably increased 
and the life of the structure is shortened in proportion to the in- 
crease in porosity. By employing some active material such as a 
pozzuolanie sand, which combines with the; lime thus liberated, 
this defect is avoided and the porosity of the concrete is not 
diminished. For this reason it is very desirable to add rather more 
pozzuolana or trass than i^ necessary to combine with the whole 
of the lime liberated during the hydration of the cement ; thus, 
lime usually weighs about one-quarter otS the cement used, so that 
a suitable proportion of ‘pozzuolana or tras.s»is about one-half the 
quantity of Portland cement in the concrete ; ’this amount may be 
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deducted from the ^otal quantity of ordinary siliceous s^nd which 
woujd otherwis6fbe used. A concrete consisting of 1 measure of 
ceAent, measure of trass, and 5 measures of sand and aggregate, 
has b^en fbund to be particularly durable and resistant to the action 
of sea Tj^ater. , 

When natural pozzuolana or trass of sufficiently gocJl quality 
cannot be obtained, a ^and made by grinding lightly- burned clay 
may be substituted. Indeed, if the cl^py is reasonably pure and 
has been suitably calcined, such a product will be more active yian 
the natural pozzuolana. Where specially calcined clay is not 
available, any other burned clay material which has been crushed 
to a suitable fineness may be used. Bricks, terra-cotta, grog, or 
other waste materials of the same character have been used for this 
purpose ; they are not as good as clay specially burned for the 
purpose, as they have usually b(?en heated to too liigh a temperature 
and so contain a smaller proportion of active material. If, how- 
ever, a correspondingly larger proportion is used they are satis- 
factory. The cost of these pozzuolana substitutes is the cdiief 
drawback, though this is of minor importance in extensive maritime 
works. 

A prepared sand consisting partly of inert material and partly of 
pozzuolana or its equivalent is nearly ideal and produces a highly 
satisfactory concrete, particularly suitable for use in sea water, where 
the conditions are most stringent. Pozzuolana decreases the hard- 
ness of concrete, but it increases the toughness and impernu'ability, 
and reduces the tendency to brittleness. Like pumice, pozzuolana 
and its substitutes are fire-resisting and do not fly when heated to 
a high temperature. 

In spite of the great advantages which accrue from the use of 
pozzuolana in concrete, it has not been employed so much as its 
peculiar properties warrant ; this is largely due to the fact that 
pozzuolana is not readily obtainable and is somewhat costly, and 
to ignorance of the fact that calcined clay is an excelh^rit substitute. 

Slag sand is prepared by running molten slag into water to 
granulate it and then crushing it ; it is sometimes used in place of 
natural sand. 

Ground glass and metal filings have also been used as^.sands in 
concrete. 

The chemical composition of sands used in the preparation of 
concrete is not of great importance provided they are not too 
impure. As previously stated above, an ideal sand is composed 
of an active lime-absorbent with an inert filler, but where a natural 
sand is used the chief object, so far as chemical composition is 
concerned, should be to select a sand which is clean and not con- 
taminated with clay, loam or “ dirt.” •’The loamy or clayey matter 
found in many sands contains organic matter as well as clay, which 
is injurious to Portland cement, and is, therefore, a very undesirable 
constituent of concrete. Such sands may often be recognised by 
their dull or “ dealt ” apfiearance, this being frequtmtly, though 
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not invariably, due to the grains being coatt^ with organic im- 
purities. I • 

Table III., due to S. E. Thompson, shows thc^ effect of orgatiic 
impurities in the sand. According to this investigator, •the Vuixi- 
mum allowable proportion of organic mi^tter in a sand to ^e used 
for concrStc is 0*1 per cent. 


Table III. — Effkct of Organic Mattkr in Sand 


• 

Sand. 

'IVaisik* Stri‘n«tti of 

I : 3 Mortar at 7 Days, 
11). prr s<i. ill. 

'I'l'iisilo Stroiifith of 
Mortar at 28 Days. 
11). per s(|. in. 

0-5 por cent vegetalilo matter . 

4 


Average sand 

r.i 

114 

Wastied sand 

121) 

201 

Nearly free from organic matter 

it).5 


Standanl Ottawa sand 

200 

300 


With regard to the effect of loam containing organic matter 
(probably humus), M. Feret has found that the stn^ngth of a 1:2 
mixture of (;cment and sand w'as reduced by 2 per ciuit of loam, 
but that of a 1 : 8 mixture was slightly increased when 2 p(‘r cent 
of loam was added. It ap[)ears, therefore, that loam is more un- 
desirable in strong mixtures of concrete than in weaker ones, 
though too much reliance should not be placed on a single set of 
experiments. Tab](^ TV., prepared by the (Vmient Users’ Testing 
Association, shows the effect of loam on various sands which were 
passed through a 30-mesh sieve and wcto mixi'd with cement in 
the proportion of 1 part of cement to 2 of sand. 


Table TV.— Effect of Loam in Concrete 



Ultimatn TensiU* Stronutli aflrr 2 .Months in 

11). per .s<£. in. 

I'nwasiK'd Sainl. 

Wa.shcd Sand. 

* 

Sand from Newbury . 

4.30 -2 

4:i0-2 

Sea sand 

ao7 

* .308 

Sand from Nuneaton . 

2cr> 

320 


It will be seen that the fiast two contain very little loam and are 
not improved by wasliing, but the Nuneaton sand is considerably 
improved by having the loam removed. , 

The effect of c/a?/, aS distinct from loam containing organic 
matter, on t^e strength of concrete is ^y no hncans fully under- 
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stood. Some uscrsrof concrete consider the presence of jilay in any 
proportion to very undesirable, for the reason that it increases 
^hJ? amount of (foment required and decreases the strength of the 
finishW ebnerete. On the other hand, it appears that under certain 
circunvitances clay is u^ful in concrete, and Seger and Cramer 
have found that clay sometimes increases both the tensile and 
compression strengths bf the concrete. Their tests were made with 
a mixture of Portland cement mixed jvith three times its weight 
of suitable (“standard”) sand, and similar mixtures were also, pre- 
pared in which part of the sand was replaced by an equal weight 
of clay. Various clays were used for this purpose, the mixtures 
containing sand and clay in the ratio of 9:1. Each mixture was 
well stirred up with the water necessary to make the concrete and 
was poured rapidly over the cement, and the whole rapidly worked 
up in a small mixing mill in accordance with the German standard 
method of making tests. A number of cubes were then prepared in a 
Bohme hammer-mould, half the cubes being allowed to harden in 
water and half in air. The strengths of the test pieces were determined 
after one, three, and six months, respectively. The results given in 
Table V. are the averages of ten tests on each mixture : 


Table V. — Effect of Clay on Concrete 





Strength in II). per >4(|. In 

alter 


Mixtnro uhcmI. 

Hardened 

in 

1 Montli. 

3 Months. 

(5 Months. 



TotisUe, 

t'oni- 

pres-sion. 

Tensile. 

(.’oni- 

pre.ssion. 

Tensile. 

Com- 

pression. 

1 of cement, 

Air 

298 

2489 

424 

3314 

400 

3573 

3 of sand. 

Water 

2.53 

2029 

291 

2010 

328 

3354 

1 of cement, 

Air 

395 

2320 

005 

3382 

577 

3453 

2-7 of sand, 

()-3 of china clay. 

Water 

300 

1995 

333 „ 

2842 

408 

3555 

1 of cement, 

2-7 of sand, 

0*3 of brick clay. 

Air 

372 

2250 

441 

.3212 

42^ 

3032 

Water 

233 

1780 

'ilO 

2712 

428 

4010 

1 of cement,* 

Air 

412 

2447 

420 

3350 

024 

4255 

2-7 of sand, 

0-3 of sand ground 
as fine as possible. 

Water 

360 

2261 

387 

2735 

407 

3570 


The increase in the tensile tests with the china clay is remarkable, 
and whilst the increase ip strength brought about by the use of 
ordinary brick clay is. less, it is still noteworthy and is more notice- 
able after six months har^ning under water. 
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The te^ts made with exceedingly fine sand indicate that the 
action of the clay is due to its fineness rather than lo any particular 
qualities which differentiate it from the sand. ^ ^ , 

A further set of experiments, in Avhich the blocks were repeatedly 
frozen ar^l thawed before testing, showed that whilst the FH-mples 
containing the clay had a somewhat lesser strength than those in 
which pure sand was used during^the first month, yet, when more 
completely hardcmcd, the presence of as much as 20 per cent of 
brick clay considerably increased the strength of the test blocks, 
though after a year’s exposure the pure sand showed better results 
than the clay mixture. The difference was so small, however, as 
to be scarcely appreciable, and may be well within the errors of 
experiment. 

Further tests with large-sized particles of quartz replacing part 
of the sand showed that, in this case also, the f)resence of 10-20 per 
c(mt of moderately plastic clay had no perceptibly harmful influence 
on the strength of the concrete, either before or after the test pieces 
had been frozen repeatedly. 

According to J. L. Davis, clay may ho added to ordinary con- 
crete with beneficial results in permeability and strength. He found 
that the presence of clay effects a marked decrease in the permea- 
bility of the conen^te, and that it slightly decreases the density of 
concrete containing 10 per cent of cement and slightly increases 
that (containing 11 per cent. He also found that the presence of 
clay is more advantageous in lean com^rete than in richer ones. 
Unfortunately, no tests were made with a highly plastic clay, such 
as Devonshire or Dorset ball clay, but it may be considered as 
proved that the presence of up to 20 per cemt of clay in a concrete 
material can do no possible harm, provided that the clay is of 
such a kind as to be softened by water and that it is not excessively 
plastic. 

The effect of loam on mixtun’s of sand and cement is also 
shown in Table VI., due to R. 8. Greenmail. 


Table vV — Effect of Loam on Conckkte 


Per «-.ent 
of I>oam. 

^JVmnluT of 
Sands 
tested.* 

Averatfi! p<!r 
(rent Loam. 

TensUn StroiiRtli. 

.Natural Sand. 

Washed Sand. 

7 Days, 

28 Days. 

7 Dayi|^ 

28 Da.vs. 

0-2 

7 

l-O 

128 

254 

148 

261 


6 

30 

181 

273 

178 

271 

5-0-0-0 

5 

5-6 

222 

1 

324 

205 

310 


• All the Hjinda contained approximately the sime iJcrccntaKo of voids. 


The presence of silt in concrete is not so harmful^ as the presence 
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of clay, yet, altfiough it does not reduce the strength, it t%nds to rise 
to^t^ie surface of ^ the concrete and cause dusting or scaling. 

. Micaceous milter in sand for making concrete is also detrimental, 
as the vstrength of the concrete is lowered on account of tlu? thin 
flat phftes of mica, tending to cause lamination and fiakiiTj^. 

According to M. F(jret, less than 2 per cent of mica has little 
effect on the tensile strength ^f concrete, but tlui compressive 
strength is appreciably afTect(‘d. I'his >vas confirmed by VV. Willis, 
who found that mica increases the percentage of voids in a sand, 
20 per cent increasing the voids from 87 to 07 per cent. The tensile 
strength of a mixture of I part of cement with 3 parts of micaceous 
sand was reduced as shown in Table VTI. 


Tablis VII. — Effkct of Mica on Stiiknoth of Concrete 



Tensile 

StrenjjtR in II). j)cr sq. in. I 

I*(‘f <'cnt (»!' 




Mica rrcscrif . 

.\fter 7 Days. 

After 28 Days. 

Affer .3 .Months. 


180 

21)8 

290 

n 

140 

178 

24.5 

n 

1 9.5 

10.5 

209 

0 

no 

140 

180 

10 - 12.1 

70 

120 

io:i 

1.5“ 

()2 

90 

142 

20 

40 

0.5 

105 


Felsjmr should not bo present to any great extent as it tends 
to disintegrate and so weaken the concrete. 

The presences of soft and easily decomposable minerals in 
concrete sands is also undesirable as they reduce the durability 
of the concrete. 

Alnmiim in sands used for marine concrete should not exceed 
6 per cent, though if the alumina is replaced by iron oxide a very 
satisfactory material is obtained with a high i\\sistance to corrosion. 

Iron pyrites should not Ixi present in sands for use in concrete, 
as it is readily o^\idiscd in the presence of water, thus forming 
sulphuric acid which attacks the cement. 

Lime in an unslaked form should never be present in a sand 
for use in ©oncrete, as it may, later, expand and cause trouble. 
According to Sabin, the presence of 2 per cent of ground quicklime 
in a concrete severely reduces its strength. Properly slaked lime 
is less harmful, and may even be desirable, in a lean concrete as it 
increases the mobility of the mass and ensures a better adhesion 
of the concrete to the reinforcement'! M. Feret has found that 
with St. Malo sand the maximum strength was developed when 
4-5 per cent by weight of* hydrated lime was present in a mixture 
of 1 part of cemenf Nvith 4 parts of sani and lime. In mixtures 
containing more cement or more lime the strength ewas lowered. 
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This is ooafinncd by the result of experiments made by Sabin aAd 
shown in Table VIII. • * 


Tablk VIIT. — Effect of Lime on Concrete 


l’roporti()iih*fif 
Comrtit plus 
l.iiiie to Siiiid 
by Woiiilit. 

Proportions of 
tJciiH'Tit to Siinil 
by WeiKbt. 

Cement. 

• 

JiiVie.* 

— 

Average 'I’erisih; StreiiKlli. 

Sand. 

At 28 J>uys, 
lb. ])cr .s(i. in. 

At '.i Months, 
lb. per sq. in. 

*1 : :) 

1 : .3 

200 

0 

fiOO 

201 

230 

1:2} 

1 : 3 

200 

20 

000 

242 

205 

1 : 

1 : 31 

180 

20 

000 

238 

204 

1 : 3 

] : 1 

ir>o 

r>o 

()00 

! 108 

171 

I : .3 

1 : « 

100 

100 

000 

1 

57 

70 


* Tli(! woiglit of lime piiato was 2-7 times the weights shown in tliis eohimn. 


The Itencficial effect of small proportions of fully slaked or 
hydrated lime and the harmful effect of larger proportions on the 
strength of concrete may bti accepted as established. 

Moisture . — The presence of moisture in sands has a very 
im]K)rtant influence on the percentage of voids, as Avill bo seen from 
Table LVIIL in Vol. I. p. 264. It also determines the extent to 
which a sand can be compacted. 

The shape of the sand grains is somewhat important, as if they 
are too smooth and rounded or too flaky, the resulting (joncrete 
will be weak. The best-shaped grains are tlu'se which are almost 
s[)herical (1. 218) yet have moderately sharp angles; such grains 
are known as sub-angular to distinguish them from the sharply 
angular’, as well as from the rounded grains. According to Feret, 
the importance of having angular grains is often exaggerated, his 
experiments having shown that there is little differences between 
rounded and angular sand, the strength of the concretes being 
practically the same with each. Any small differences observed 
are rather in favour of th(5 rounded grains, and the latter certainly 
facilitate the mixing, ^tamping, etc., of the concrete as compared 
with angular ones, as there is less frictional resistance of the particles 
and the munded grains tend to roll more easily into the vacant 
spaces. Angular grains also present a larger suiiai^e, and therefore 
require a slightly larger quantity of binding material, this being 
more noticeable in weak mixtures containing more than 3 parts 
of sand to I part of cement. Rounded grains also give a rather 
denser concrete than sub-rounded grains, since spheres when packed 
give the minimum proportion of voids. Theoretically, when one 
sphere rests upon another one, the 2 K)rccntage of voids is 47-6; 
when each si)here rests on tlfrec others there is 25-95 |Xir cent of 
voids. It is impossible to attain these theoretical figures in actual 
practice even when usin^ the finest sand. H. C. Sorby found 
that he could not obtain a closer packing than a 34 per cent of voids, 
even after violent tamping and shaking. * * 
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Some users nave, found that a niixDure oi nne sharp ^na coarse 
sm^th sand is (potter than a sand composed entirely of smooth 
grains. ^ 

Where' concrete is to be used by pouring or in a cement gun, 
angular grains are sometimes preferable, as they appear tg produce 
a concrete of greater density than do rounded grains. 

Flat grains, such as occur in fnicaceous sands and rocks, should 
not be employed, as they tend to li(i i^ one plane and so reduce 
the strength of the concrete and increase the tendenc}^ to 
lamination. 

The size of the sand grains is the principal factor in determining 
the value of a sand for concrete, as the grading of the sand affects 
the strength of the final mixture much more than the shape or 
chemical composition of the grains. As a general rule the sand 
should be fairly coarse ; a large proportion of very fine grains 
is undesirable as they tend to produce a W(vak mass. Moreover, 
the finest partiedes usually include all the clay and much of the 
organic matter, both of which are objectionable, and also the 
greater part of the heavy minerals. Hence, the removal of the 
smallest particles from a sand affords a simple and ready means 
of increasing its purity and usefulness. JMoreover, on account of 
their small size, the finest particles tend to introduce more air into 
concrete. They have also a larger surface area and, consequently, 
require a larger proportion of cement to coat each grain proper'ly. 
In extreme cases, a fine sand requires nearly double the normal 
amount of cement to give a concrete of equal strength. Fine 
sands also require more water than coarse ones to make an equally 
smooth paste, and this results in the concrete being more porous 
unless the workmen are very thoroughly supervised and compelled 
to avoid the use of an excess of water. Apart from this, however, 
the presence of apparently inert silica flour or “ dust ” appears 
to be objectionable. This is shown by the fact that the presence 
in a sand of 10 per cent or more of material whicdi will pass through 
a 50-mesh sieve effects a considerable reduction in the final strength 
of the concrete. The smallest grains tend tb form a coating over 
the coarser material and prevent the cement from coming into 
contact with it, that unless the mixiijg is extremely , thorough, 
more so than is likely to be attained in actual practice, the mass 
will be weak, and even when the most thorough mixing is possible, 
the strength is appreciably reduced. This is confirmed by the 
results of some tests made by D. Kirkaldy & Son, issued by the 
Concrete Institute (now the Institution of Structural Engineers), 
in which the sand consisted of porphyritic granite and blue 
whinstono, crushed so as to pass through a 30-mesh sieve, and 
including all the dust. It was comf)ared with a similar mixture 
of standard sand (I. 162) and cement, the results being as shown 
in Table IX. 
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Table IX. — Effect of Dust on Concri 


!TE 



Teiisilfl StrciiKtli, 
lb. per s<i. in. 




I'riishir^ St-rdfisth, T 
lb, per sq, in. 


j 

Standard sand and cemont--- 

After 7 days .... 
After 28 days . • 

Cryiite and wdiinstone orushings and 
cement — 

After 7 days .... 
After 28 days .... 


278 !) 


182-2 
224 •« 


(>0() 


ns -2 

104 


D. A. Abrams found that I per cent of line powder (“ dust ”) 
of the following materials redu(;es the strength at twenty-c'ight 
days of a 1 :4 eomueto by the percumtage indicated: Briitk 0*08, 
Clay 0-22, Kaolin 0-47, Whiting 0*24, Sand 0-37, Natural cement 
()‘38, Limestone 0-39, Hydrated lime 0-56, Lava 0-40, Tufa 0*51, 
Fluorspar 0-43, Kieselguhr 0-48, Tronite 0-60, Yc^llow 0 (*hre ()*68, 
Mica MO, Pitch l-5(), (lypsum 4-00. He also found that the 
effect of fine materials in reducing the strength of concrete was 
much more pronounced in rich mixtures than in weak ones, mixtures 
such as I : 9 to 1 : 6 being littli^ affected or madt^ slightly stronger 
with various proportions uf) to 50 per cent of tlu^ fine material. 

A contrary opinion as to the effect of “ dust ” and other very 
fine particles in sand is held by some investigators and usei’s. 
Thus, H. L. Rogers considers that the removal of the fine material, 
as suggested by the (Jon(!reto Institute, is not good practice, because, 
whilst it admitti^dly gives a greater surface area and contains 
a larger quantity of air which is difficult to displace, yet it has the 
advantage of fully filling up some of the spaces between the grains 
of medium sand which is often badly gradctl ; for this r(;ason 
the ])res(mce of dust or flour sand tends to save cement and make 
the concrete more impervious to water. Sometim(%s the gain in 
imperviousness is moi'e important than the loss in strength. On 
the other hand, it is specially important that very fine sand should 
not be ujicd in concrete which is subjected to ,the action of sea 
wat(;r, as this appears to be a common cause of failure in such 
concrete. 

The men engaged in the production and placing *of concrete 
prefer a material containing fine sand because it is more easily 
worked than one in which only coarse sand is used. This advantage 
is, however, generally far outweighed by the disadvantages. 

The best relation of the sizes of the sand and coarse aggregate 
is not fully understood, but It coarser sand is usually required for 
a very coarse aggregate than is desirable for aii aggregate composed 
of smaller particles. 

Partly as a result of conflicting evidence ^and opinions, and 
partly with a# desire for cheapness, the limits of size of grains in 

VOL. II * n 
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the sands used by dilTerent builders and contractors are very 
vty^ed. ) 

• Thc^ IJritisli Standard Specification for Portland cement directs 
that the sand used for testing must pass wholly through a 20-mesh 
sieve and be retained oip a 30-jnesh sieve, but in the preparation 
of concrete on a large., scale such a narrow limit of size would be 
impracticable. Sand which conforms strictly to tlie Standard 
sand used in testing cements does not produce so strong a concrek'. 
as that containing a wide range of particles. For this roison 
it is better to regard the upper or coarser limit for sand used in 
conci’cte as determined by a 20-mesh sieve and the lower or finer 
limit by a 50-mesh sieve. The Standing Committee of the (Joncrete 
Institute have fixed the upper limit of sand as that which passes 
through a J-in. by |-in. sieve and the lower limit as that which is 
retained on a -V,-in. by aperture. Taylor and Thompson, 

whose n^commendations are largely followed in the United States, 
adopt the same limits, but they also specify that “ fine aggregates 
shall be of such qiiMity that mortar com])osed of 1 part of Portland 
cement and 3 parts of fine aggregate by weight, when made into 
briquettes or into prisms or cylinders, will show a tensile strength 
at an age of not less than seven days at least equal to the strength 
of 1 : 3 mortar of the same consistency made with the same cement 
and Standard Ottawa sand. If the aggregate l)e of ])oorer quality 
the proportion of cement shall be incriuised in the mortar in order 
to secure the desired strength. If the strength dev(?loped by the 
aggregate in the I : 3 mortar is less than 70 per cent of the strength 
of the Ottawa sand mortar the makuial shall be reje(;ted. To 
avoid the removal of any coating on the gr’ains, which may affect 
the strength, bank sands shall not lx; dried before being made 
into mortar, but shall contain natural moisture;. The percentage 
of moisture may lie determined upon a separate sample for correcting 
the weight. From 10 to 40 per cent more wat(;r may be required in 
mixing bank or artificial sands than for Standard Ottawa sand 
to produce the same consistency.” The (Committee; of the Royal 
Institute (rf British Architects .specifies a sand composed of hard 
grains of various sizes up to tho,se which will pass a |-in. 
square mesh, but of which at least 75,. per cent shoukl pass an 
J-in. square me.sh. Fine sand alone should not be used, as it is 
unsuitable. 

The imfjosition of a strength test is very desirable in the case 
of important concrete work, especially whore the mass is com- 
paratively thin, as for such work the sand used mu.st not merely 
be clean and well graded ; the person responsible for the con- 
structional work should satisfy himself that, when mixed with 
cement, the sand yields a product having at least the same strength 
as is produced by standard sand in laboratory tests. With a well- 
graded sand containing a sufficient proportion of moderately fine 
grains the strength will Jbe greater than will that of “ Standard 
Sand.” 
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Anothgr useful specifKiauon wJiieli a])])lies cqua% to the sauu 
and coarser aggregate will be found on p. 37. A* • 

Not only should the sand be within the size*irnits nien^iom^l 
above, but it should also consist of grains of various sizes within 
these limits, so that the sand, when sli^kim and tariqx'd Jightly, 
will procfuce a mass with the minimum pro[)ortion of voids. If 
all th(^ particles are of the same size this will not be the (;ase, and 
such a sand would (irodu^te a WTak comu’ett^ on a(!Count of the 
grcfjter proportion of voids present unless a larger [iroportion of 
cement is used, and even then some of the int(‘rstict‘s tend to remain 
unfilh'd and so reduce the strengtli of tlie concrc'te. Fig. 3 shows 
a diagram of a number of partich^s of uniform size. It Avill be seen 
that the voids betw'cen them are quite large. Fig. 4 shovs the 



Fro. 3. 

Sand -part ii^lcs of one jj^rade. 



pioportion of voids consideralrly reduced by the addition of a 
number of smaller grains which fill u]) some of the spaces between 
the large grains. Still less space would be left if further grou]:)s, 
each containing successively smaller sizes of grains, were added. 
From this it will be clear that th(‘ .sand must be very can'fully 
graded and compo.sed of particles of a sufficient number of flilferent 
sizes, otlierwise it wilf products either a weak concrete or will requin^ 
a very large jrroportion of cement. As the cost of the additional 
cement ii far greater th|^n the cost of gr*ading 4h(‘ sand, a careful 
grading of the material effects a considerable saving. 

The effect of grading is well shown by a comparison of the 
tensile and compressive strengths of mixtures of sand find Portland 
cement. According to M. Ferct, their I’clationship is shown by 
the following formula ; 


P=K 



where P represents the compressive strength of the mixture in lb. 
per sq. in., C represents the volume of cement in the mixture, 8 is 
the volume o| sand in the mixture, and m is a •constant depending 
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on the nature of the sand and cement used. M. Fqret tested 
mi^ttures of tlirei grades of sand — (a) 5-15 mesh, (b) 15-46 mesh, 
(r) leijs than 46-ikesh — and found that the strongest mixture con- 
sisted of 2 parts of coarse grains to 1 part of fine grains and cement. 
M. Feivt has plotted his results on a triaxial diagram JI. 214); 
this affords a simple ipeans of showing the volume of sands of 
deficient fineness, the compositioifS having the same volume being 
joined up by contour lines. , 

It is, however, impossible to compare sands entirely % a 
comparison of the percentage of voids, as the proportion of moisture 
present in each sand varies and alters the results (1. 264). 

Table X., due to Taylor and Thompson, shows the marked 
effect of variously graded sands on the compressive strength of 
1 : 3 mixture of cement and sand. 


Tahle X. — Effect of CiRADiNO Sano 


Sand. 

l-in. Mesh. 

i-in. Mfsh. 

2()-Mc.sh. 

oB-Mi'sh, 

2(J()-Mt‘,sh. 

Per cent 
Voids. 

('(jm|»r(>s,sive 
Sf rctiKth 

7 Days, 

11). per s(i. in. 

1 

100 

84 

()2 

28 

3 

31 •! 

715 

2 

100 

100 1 

84 

77 

0 

38 

405 

3 

100 

100 

92 

84 

27 

40 

330 


The (effect of grading, as shown by the pt*o])ortion of voids in 
the sand, is also shown in Table XT., due to R. S. Greenman. 


Table XT. — Effe(.'t of Vojos in Sand 


Per cent of 
Voids in 
washed Sand. 

Number of 
Sands tested. 

J’er < ent 
through 1(1(1 
Sieve.. 

.Average per 
l ent Voids. 

Tensile Strength.* 

7 Days. 

28 Days. 

25-30 

5 

2-8 

27,-8 

192 

1 310 

30-35 

17 

6-4 

33 0 

104 

250 

! 35-40 

11 

0-7 

37-8 

140 

220 


• Results taki'ii only on washed samples so that the elfoet of loam woukl be nil. 


The testing of various mixtures is t'ne only really definite method 
which can be employed and should never be omitted in important 
work. 

Conversely, the^ effect of grading on the percentage of voids 
is shown in Table XII., b/R. S. Greenman. 
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Table Xf I.- Effect of Ghadino on Vo,jds 






" ■■ '1 

Porcentane of Sfvnd inihsiiir Sieves Nos. 

• 

Jl 

• 

Per* 
cent of 



4. 

fi. 

JO. 

20. 

30. 

40. 

60. ^ 

74. 

100. 

140. 

20j^. 

Voids. 

A 

•- 

100 

99 

98 

89 

09 

47 

.29 

14 

% 

:p8 

2:1 

10 

52 

B 

100 

99 

98 

90 

87# 

72 

50 

:u 

17 

5-8 

20 

10 

5.5 -4 

• 

C 

100 

100 

99 

98 

95 

79 

00 

:t8 

29 

7-5 

:i-o 

1-0 

50 0 


The proportion of voids in various sands is shown in Table XTII., 
compiled by the Cement Marketing Co., Ltd. 


Tajjle Xril. -Proportion of Voiixs jn Sands 


Moist sand under IS-rtiesh 
„ over 18*ftiesh . 

„ mixed 

I^ry sand mixed . 

Stone sereeninf^.s and dost . 


Sulid.s per cent. 

Voids per 

57 

45 

05 

55 

02 

58 

70 

50 

58 

42 


Ac^eording to Fuller and Thompson, in an ideal sand the pro- 
poi'tion of grains of various sizes and their diameters, when plott(‘d 
on a graph, should be in th(5 form of an ellipse, to which the graph 
of the coarse juatcrial (which should be a straight line) should 
form a tangent (Fig. 12, Vol. 1. ]>. 21(5). Such an ideal graph 
may be constructed from the information in Table XIV. 


Table XIV'. 


• 

• t 

1 nterse<-tinfj of 
'J’jincent with 
Vertical at Zero 
Diameter. 

HelKljt of 
Tangent 
J’olni. t 

A xe.s of 

Ellipses. 

a. 

h and c. 

Crushed stone and sand 

28-5 

57-7 

oirjp D 

57-4 

Gravel and stone . 

200 

,33 -4 

0164 D 

35-0 

Crushed stone and screenings 

290 

50-1 

0147 D 

37-8 


In order to constnict the ideal graph of the constituents of a 
concrete, the value given for a is multiplied by the maximum size 
of the coarsest particles and the resultant figure marked off on the 
horizontal scjle of sizes of particles. ^ vertical line through this 
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point forms tko axis of the ellipse. The value 6 is louncj from the 
table and the kvigth of the vertical axis is laid with its centre 
7, per- cent abo\\> the horizontal line of the graph. The ellipse 
is then completed and the straight-line graph of the aggregate 
drawn (from the point of ibitersection of the 100-per-cent line and 
the line denoting the largest-sized particles to a point rejfresenting 
the point of intersection of the tangent with the vertical at zero 
diameter, the value for this being found from the table. This 
line should form a tang{‘nt to the cllijjse. Where an artiijiiial 
mixture cannot be prepared to coincide exactly with the ideal 
curve it should preferably intersect on the 40-per-cent line. 

Another very ingenious method of comparing concnde sands, 
devised by L. N. Edwards, bases tlui (comparison on the surface 
area of the jiarticles and is similar in principle to the surface factor 
jnethod (1. 211). The number (4 particl(\s of sand per gram for 
each size of parti(*le is found by counting and by finding the weight 
per gram of the material, its specific gravity, volume per gram 
and average diameter of the grains ; the surface area per gram 
can then be calculated. From this, the average surface area of 
a sand can be found by multi 2 )Iying the percentagfc of grains of 
each size by the corres2X)nding surface area per gram and dividing 
the total of these figures by 100. As a result of his work along 
these lines, L. N. Edwards has suggested grading concrete sands 
as sh(nvn in Table XV. 


TaHI.K XV'. J’lUJrOSKD GltADIN(! iScALK 


Si 7.0 of I’artlolos. 

Corcj'iitagc. 

Over 

Nil 

10-mcsh 

Not more tlian 80 : 

20 „ 

„ 5.5 

50 

„ 15 

100 „ 

„ 5 


The Tests Committee of the Concrete Institute have suggested 
that sand ” shall be divided by sifting, in to the folio wi.ig grades 
and the percentage of voids ascertained in (a) the whole and 
(b) each scijarate grade : 


To ])ass by an aperture of 
1/4 ill. by J/4 in. 
J/8in. „ 1/8 in. 
l/[(i in. ,, 1/16 in. 
1/32 in, „ 1/32 in. 


To 1)0 retained by an aperture of 
1/8 in. „ 1/8 in. 

1/16 in. „ 1/16 in. 

1/32 in. „ 1/32 in. 

1/50 in. „ 1/50 in. 


The proportion of each grade to the whole and the specific 
gravity of the sand should also be ascertained. No definite pro- 
portions have been fixed. 

The effect of tfto size ‘and grading of the sand op the porosity 
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of permeability of concrofb is shown in Table NVI., due to S.*]^ 
ThompsorU 


TAHKK XVI. ' KfFRCT of GrADINO on TUK ToROSITY of TnK/.\)NfRETl# 
WITH COAKSK AND FiNE SaND 


Proporlion.s 1 : .3 ; 0, by volume, or I : 2-8 : f -7 by woiglit, ago 32^1ays. 


Cliaractcr of Sand. 

Di'tisify. 

Water passinu; in (Jrains 
p(‘r Minute. 

• 



1. All noarso .... 

0-853 

145-1 

2. 5/f) ooarso, 1/(1 fine 

()-S4(J 

10-4 

.3. 2/3 coarse, 1/3 fine 

0-843 

43-0 

4. All fine 

0-813 

30-2 


The grading of the sands used by Thompson is shown in 
Table XVll. 

Table XVTT. — Analyses of Natural Sand and Screen (Juavel 
USED IN Tests 



Coarse San<l, p(‘r (-<‘1)1. 

Fine Sand, p<T ccfit. 

Sertasned (1 ravel, 
per cent. 

1 in. 



100 

A in. . . . 



50 

j in. 

100 


0 

No. 5 . . . 

88 



No. 12 . . . 

77 

100 


No. 40 . 

32 

00 


No. 200 

3 

27 



A sand of a speeihed grade may sometimes be best obtained 
by mixing two or more dilferent sands or grades together. 

It must always la; rtunemberod in grading sands for concrete, 
that a sand should not be too rich in the finest particles (see p. 32). 

'J^he hardness of Jhe particles of sand used in concrete is less 
important than that of the coarse aggregate, nor does the stnmgth 
of the grains seriously affect that of the finished concrete, providtal 
they are*abl(; to withstr^id weathering. Sands* which are readily 
decomposed on exposure should, obviously, not be used for concrete. 

The specific gravity of a sand suitable for concri^te should not 
b(i less than 2*45. • 

The volume-weight of a sand (I. 222) is a fairly good indication 
of the proportion of voids present (T. 222). Thus, a fine sharp 
sand weighs about 92 lb. per cu. ft., a coarse sharp sand weighs 
about 90 lb. per cu. ft., whilst a mixture of equal parts of the two 
weighs about 102 lb. per cu. ft., as the proportion of voids is greatly 
reduced. Sands composed of rounded grains have a larger pro- 
portion of voids and are consequently lighter than more angular 
ones. Thus, a fine smooth sand weighs aboul 86 lb. per cu. ft., 
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kiCoarse smooth *sand 84 lb. per cu. f/., and a mixture ot equVl 
parts of coarse and fine about 94 lb. per cu. ft. f* 

» ^Preparation (!'f Sands for use in Concrete Making. — Where 
possible, it is both better and cheaper to use a sand without any 
preparation, but few sands are suitable without some treatment ; 
this sh*'ould, however, be^ as little as possible, otherwisct the cost 
of preparation may bj prohibitive. Quite apart from the cost, 
unnecessary treatment of the sand is objectionable, as it tends to 
separate one or more grades and to 6.ause an indefinite amount 
of segregation, with the result that the uniformity of texture 
possessed by the material is to some extent destroyed. For this 
reason, if a sand has been subjected to any considerable amount 
of treatment, it should be thoroughly mixed before it is used for 
concrete. The mixing which the various materials forming tlu^ 
concrete undergo is not sufticiently thorough for some treated 
or “ compounded ” sands. 

Crnshimf. ~ Whoiv the sand is in the form of a rock it must 
be (Tushed or ground, as described in Vol. I. p. 346, to reduce it 
to grains of suitable size. The cost of grinding is sometimes very 
high. 

Wafihing. — Sands for making concrete must be washed if they 
are not sufficiently clean or if they contain too large a proportion 
of fine material. Various methods of washing may be employed, 
according to the amount of sand to be treated. Where only a 
small quantity of concrete is made, a simple trough washer (T. 385) 
is quite sufficient, but for larger quantities of sand a rotary sand 
washer (I. 389) or one of the various machines mentioned in 
Vol. I. pp. 385-400 should be employed. 

Grading . — In order to produce good concr(*te tin; sand should 
consist of particles of various sizes so as to contain only a small 
proportion of voids. The percentage of voids most suitable for 
concrete sands is between 23 and 40 per cent. If a sand naturally 
contains the various sizes of grains in suitable proj)ortions, or if 
a mixed sand is used which conforms to these requirements, it is 
clearly unnecessary to sift or grade the sand, anti many builders 
and contractors do not even trouble to test the sand in order to 
know whether it requires grading. For rough mass concrete, it 
is often sufficient io use the sand “ as it romes,” but for i^einforced 
concrete and for special moulded work a careful grading is desirable. 
Where it is necessary one of the appliances mentioned in Vol. I. pp. 
441-468 should be employed. For large quantities of sand a series 
of rotary screens (I. 456) is very satisfactory for separating the 
sand into various grades. The most suitable grades are then mixed 
in the right proportions, other sands being added if required. 
The grades and proportions must larg3ly depend on the particular 
purpose for which the concrete is required, but they may be judged 
in general terms from the information given on pp. 32-39. 

Testing Sand for Concrete. — ^The principal tests to be applied 
to the sand arc giien beWw. It is most important that all sand 
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should be tested before use in concrete, as otherwise inexplicable 
variation#in the quality of the concrete may occuj.* 

1. Microscopical examination, including a report on the sUftpe 

and sizes of the jjar tides (I. 241). • • * 

2. A grading or screening test showyig the proportion of sand 

in each off the ]>rincipal sizes of grains, or plotted on a grajui-sheet 
as in Eig. 12 (Vol. I. p. 216). • 

2. A cleanness test, such as that devised l^y Abrams and 
Hauler and described in Vol. I. p. 244, is sp(‘(*ially suitable for 
testing concrete sands, and has already betm largely adopted in 
America on account of its sinqilicity and the fa(*t that no i‘xpensive 
apparatus is necessary. 

4. A determination of the proportion of voids, determined as 
described in Vol. I. p. 261 . 

5. The weight per cu. ft. or the equivalent volume - weight. 
This is determined as describ(‘d in Vol. I. p. 25U. 

6. The tensile strength of a mixture of standard Portland 
cement and the sand to bo tested in various proportions. In 
American speciheations th(^ tensile strength of a 1 : 3 mixture of 
CMunent and the sand to be tested should be at l(*ast 75 per cent 
of the strength of a similar mixture of ccmient and a standard 
sand. In this country, that portion of Leighton Blizzard sand 
is taken as standard which passes conqiletidy through a 2()-mesh 
si(;vc but is retained on a 3()-mesh sieve. 

Tn spc(;ial cases a ehemicjal analysis or other physical or chemical 
tests may be required, but this is unusual. 

Further information on concrete will be found in the author's 
Cememt, Coyicrele, and Bricks (Constable), and in numerous other 
works dealing with concrete. 



CHAPTER III 

THE USE OP SANDS IN CEMENTS AND MORTARS 

Cemknts and mortars comprise a class of substances which, when 
mixed with water, are more or less plastic and consist of a binding 
matei’ial with or without an inert material or filler. The t(U’ms 
‘ cement ” and ‘‘ mortar ” are, however, so loos(;ly applied in 
industry that it is, in some cases, very difiicult to discriminate 
between them. Some “ cements,” for example, consist wholly 
of a binding agent, whilst others contain a considerable proportion 
of inert filler. Plasters are sometimes so like mortars that they 
can scarcely be distinguished, and mortars vary so greatly in their 
properties that some of them might conceivably be termed cements 
or plasters. For the present purpose, iioWever, it is convenient 
to regard Portland cement as typical of the cements used in con- 
nection with sand, ordinary building mortar as a typical “ mortar,” 
and the plasters as typified by plaster of Paris. Siuli materials 
are used for fastening together stones and bricks, chiefly in the 
construction of buildings, bridges, etc., or tor covering walls and 
ceilings. 

Cements used in connection with sand may be divided into the 
eight following groups : 

Various mixtures of Porthmi cement ami mml, which are more 
fully described under “ cement mortars ” (p.ij43), though a mixture 
of 1 part of Portland cement with 1 , 2, oi* 3 parts of fine sand well 
ground togethc^r is sometinu^s sold as saml cement. The statement 
is soiiKitimes made that this sand ccunmt is equally as^ strong as 
Portland cement and much chcai^er ; such a statement is only 
true providjcd the cement is to be used neat. 

The effect of adding fine sand to sand cement is shown in 
Table XVIII., due to Smith. 

Other cements which contain sand or its equivalent as an 
essential ingredient include — 

Borax cements in which borax is mixed with fine sand or other 
inert material. 

Cement grout is a watery mixture of Portland cement and sand. 

Dental cements, which consist of fine sand, powdered glass, or 
other inert materiill mixed with zinc oxide, borax, and zinc chloride. 

42 
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Table XVIIT. — Tensile and Compressive Strength (iP Sand Cements 

I • 


Brand . ' 

.A. 

% 

B. 


• ■ ■ 

Hand cement composed of . . . | 

1 een^nt 

1 sand 

1 cement 

1 samJ 

1 cement 
(> sand 

Fineness pas.sm^): ] 00 me.sh . •. 

00-8 

00-4 

00-7 

• 1 20 niesli .... 


00-3 

08-4 

,, ISOmo.sh. 

1)0-3 



Neat sand cement : tension 1 week . 

332 



,, 4 weeks 

47.A 



,, 4 month.s 


810 

340 

,, fi moritlis 


780 

540 

,, coinpression 4 weeks 

3837 



Sand 2, sand c(Mtnait 1 : tension 1 wt'ck . 



300 

,, 2 we<‘ks 



370 

,, compression 1 we<'k . 



2800 

Hand cement 1, sand 2 : tension I week . 



184 

„ 2 weeks 



215 

,, compression 1 week . 



1 225 

Sand cement 1, sand 3 ; tension I w'eek . 

135 

180 


„ 2 weeks 


201 


„ 4 weeks 

Ul 



„ 2 montlis 

1 35 



,, compression 1 week . 

470 

000 


„ 4 weeks 

f)87 




The sand, which slioiild bo white and vcny fine, acts ni(5roly as a 
filler. 

Kieselguhr cement, whieli consists of a inixture of kiesi^lguhr 
and molten paraffin wax, which is used for cementing acid-jiroof 
bricks. 

IjCcuI ceinenU^, which consist of a mixture of sand or other inert 
material, with whit(‘ lead or litharge, lime, oi* plaster of Paris, and 
linseed oil. The sand merely acts as a dihient or filler, enabling 
less of the white lead ’bo b(j used than would otherwise be the case. 

Oxychloride cements, which consist of mixtures of sand or other 
inert maVu’ial and magnesium oxychloride, jjr^duciHl by mixing 
magnesia and syrupy mfignesium chloride. The sand is in this 
case merely a tiller, which is used on account of its cheapness. 
The finer and whiter the sand the better will it servo itc purpose. 

Refractory cements, which are usihI for lining furnact^s subjected 
to a high temperature. They are describiKl in Chapter VII. 

Mixtures of cement and sand which are used for coating brick- 
work are classed as plasters to avoid confusion. 

Mortars may be divided *into the following classes, depending 
on the materials used in their preparation : 

Lime mortars, which consist of a suitable mixture of lime and 
sand in proportions usually varying from 1 ; 2 t^ 1 : 4, 

Lime -cement mortar, which consist^ of a mixture of lime, 
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Portland cement, and sand, the lime being added chiefly for the 
purpose of makmg the mortar more plastic and easier to' use. 

^ ' Chy morUiA, which usually consist of a mixture of fireclay 
and sand* or brick-dust ; they are chiefly used for laying brickwork 
in f menaces and kilns ^see Chapter VII.), but are occasionally 
employed where brickwork is of a temporary natdre, as in 
exhibitions, etc. * 

Trass mortars, whicli contain, in addition to lime and sand, 
a proportion of trass. They may be regarded as lime mqrtars 
in which trass replaces part of the sand (1. 165). The proportions 
are usually froTii lime I, trass 1 j, sand 1 1, to lime 1, trass 1 i, sand 3-4. 
In some (;ases lime and trass are used without the addition of sand 
in the proportions of 1 : Ij to 1 : 1-J. Where such mixtures are 
em[)loy(;d satisfactorily it Avill generally be found that the lime 
and trass or pozzuolana are impure and contain a suflicient cpiantity 
of sand or other inert material to render further additions un- 
necessary. Wher(5 the lime is pure and the trass is linely ground 
the addition of sand is generally necessary. In Holland and 
Belgium, mixtures of sand, trass, and lime are largely used for im- 
portant work. The best [woportions (as suggest(^d above) are those 
in which there is suflicient trass to combine with the lime to form a 
calcium silicate analogous to cenumt, and so form a much strongc^r 
material than wlum the sand is omittt‘d (see p. 25). A mixture of 
trass and lime, without any sand, is still used to some extent, 
though it is rather uneconomical, as the cost is much greater than 
when sand is added, and the excess of trass over and above that 
required to combine with the lime is quite inert and may be satis- 
faetoi’ily replaced by sand. Calcined clay may replace the trass. 

Pozzuolana mortars are the same as trass mortars, except that 
pozzuolana re]flac(^s the trass. 

The chief purposes served by the sand used in mortars are — 
(i.) to act as a diluent and so prevent it from cracking, and (ii.) to 
bring the irregular surfaces of the bricks, stones, or other articles 
which are to be united into contact with the binding agent and 
indirectly with each other. For instance, ff an atteTupt were to 
be made to unite two bricks by means of a plastic; clay, it would 
usually be necessqry to have a much larger laycu* of the; clqy between 
the biicLs, as otherwise they could not 1^ properly united, as their 
surfaces are too iiiegular and the clay, as it dried, would shrink 
and crack. « This shrinkage, with eventual (;racking of the material, 
if it is sufficiently free to do so, is a characteristic of most colloidal 
gels, including many ceimmts and glues as well as various plastic 
substances. It is a serious objection to the use of all such materials 
except in the form of thin films, when the maximum adhesiveness 
is obtained with a minimum of crafiking. As the use of only a 
single thin film of cement is impracticable in many branches of 
the building trade (it is, of course, used in carpentry and joinery, 
where* pieces of wcjpd are glued together) the difficulty is overcome 
by mixing sand with th^ binding agent in such pjjoportions that 
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the grains ^ sand occupy the bulk of the space between the j)arti(ies 
to be united and leave only a series of small interjgbices to be 
with “ films of binding material. Such a use of sand as a lyiei* • 
enables the .best possible use to be made of the binding agent, 
such as liiue or Portland cement ; the sami is, therefore, an essential 
constituent of the mortal* and not merely an ^adulterant. 

8and in mortar lias a furtluu* Ix^m^iic^ial effect, inasmuch as it 
regulates the hardening of ^le cement or mortal*. This hardening 
is di^e, in the case of cements, to a combination of the cement 
with water, and in the case of lime mortar, to a combination of 
the lime with carbon dioxide in the air. 'riu* sp(M‘(l of the reaction 
is the determining factor in the r(^sultant hardness of the mortar. 
It is most important that tlui reaction should take place very 
slowly if a hard mass is to b(i produced. In the case of mortars 
(containing fat lime and hardening by the absorption of (cai'bon 
dioxide from the atmosplucre by th(c lime, th(c jjores of the lime 
are so small that the hard(‘ning proceeds very slowly with nc'at lime, 
as it is difficult for the carbon dioxide to ]>enetrate into tluc interior. 
When sand is added, however, the ma.ss is “ opened up ” and the 
pores are enlarged, so that the gas has five access ; (consecpucntly, 
sand facilitates the hardening of such mortar. Tlie strength of 
the mortar dep(mds partly on the proportion of sand present, and 
this must be suitced to the natunc of the binding material used. 
An excess of sand is undesirable in any mortar, as it reduces the 
(;oh(;sion of th(c particles and so wealoais the mortar. I'he most 
suitable proportion of sand must be found by trial and adjusted 
so as to give a mortar which is as hard and as strong as possible. 

The effect of the proportion of sand used in cement mortars 
on the strength of the mortar is shown on pj). .‘11-30. Tluc corre- 
sponding effect of sand on lime mortar is shown in Tal)le XIX., 
due to Sabin. 


Tablu XJX.- Kffkct of Sand on I^’at Limu in Moktars 


Carts by Weiuht. 

Kind ol Sand. 

Arc. 

Avt-rum' 'I'riL'^ilc 
Stri'iiKtl), lb. per 
s(|. in. 

Lime. 

Sand. 



r 



] 

.3 

D.S.A. Standard 

28 days 

4(3 

1 

fi 


62 

1 

S-S 



47 

1 

11-8 



80 

1 

17-7 



20 

1 

(i 

Screened 20-40 inesli 

2!) days 

51 

1 

8-H 


64 

1 

11-8 



.56 

1 

17-T 
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It will be seen that up to a certain ]joint an increase in the 
proportion of sg,nd gives a stronger mortar, but if an excess of sand 
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is used the strength is greatly reduced. Tn hydraejic limes a 
(*(^i»tam amouni/of iner*t matter occurs in the lime, so that a smaller 
»;jropprtion of sand is required before the mortar is reduced in 
strength. The effect of sand upon the strength of hydraulic lime 
is shor/n in Table XX., due to Grant. 


Tablk XX. — Strength of ITydkaut.tc Limj<: Mortars 


eoiliDosiUoti of 
Mortar. 

1 linu- 

.‘I satid. 

1 linio 

4 sa/id. 

1 lime 

.'i sand. 

1 linio 

() sand. 

Ory. 

Wt‘t. 

Dry. 

Wrt. 

Dry. 

Wft. 

Dry. 

Wot. 


11). 

II). 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Liirio A . 

50 

08 

44 

57 

80 

45 

21 

28 

Lime B . 

48 

05 

40 

50 

82 

47 

28 

27 

Lime C 

■40 

81 

'2i\ 

01 

21 

41 

18 

84 

Averafjje . 

4(> 

81 

40 

50 

28 

45 

21 

80 


The dry samples w(U’e kept in air one year befoi’c Uvsting, whilst 
the wet samples were kept under wat(‘r foi* a coJTcsponding period. 
F]ach result is the average stnuigth shown by fivt^ tc^sts. 

Selenitic limes mixed with sand producer much stronger mortars 
than ordinary limes, but an in(U‘ease in the proportion of sand 
decreases the strength as with ordinary limes, as shown in Tables 
XXI. and XXII., dm; to Grant. The wet and dry samples were kept 
for one year in water and air respectively before testing, the 
strengths given b(;ing the average of five tests on cacli mixture. 

Tabtv. XX T. — Tf.nsilk Strength of Selenitic Lime 





Tensib* 

strength, lb. ixt S( 1. in. 





I lime 

.‘1 sand. 

1 lime 

■J .sand. 

1 linif 

.') sand. 

I lime 

(Isjuid. 



Dry. 


Dry. 

Wet. 

Dry. 

Wi't. 

Dry. 

Wet. 

A. 

(1 ray limi), not 
selenitic 

.50 

08 

44 

t 57 

80 

45 

‘ 21 

28 

Al. 

Oray lime, selenitic 

128 

141 

05 

180 

55 

87 

40 

05 

B. 

Lias lime, not 










selenitic 

48 

95 

40 

50 

82 

47 

23 

27 

Bl. 

Lia.s lime, selenitic 

70 

131 

68 

90 

44 

72 

52 

80 

C. 

Selenitic lime 

128 

148 

80 

129 

72 

88 

58 

74 

D. 

Selenitic lime 









E. 

(Rugby) . 
Selenitic lime 

01 

151 

59 

102 

88 

77 

29 

06 


(Aberthaw) 

128 

204 

03 

147 

71 

123 


76 


The effect of ^and on mortars may also be expressed in terms 
of adhesiveness ; the greater the proportion of ^nd the less is 
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Taulk XXTL- -Compressivk STitKNOTir or Selio^it/o Lime 




Coinprossivo Stiriiffth, U». |»(T s(i. in. 



1 linn* ; 0 Hiiiiil. 

1 Jilin • : S siuid. 

1 Jiinc ; 10 lunirl. 

A. 

(iru}'' lime, not selonitic*. 

I.T.) 

72 

81 

Al.* 

Gray lime, solenitic 

281) 

110 

127 

B. 

Lias lime, not selenitic . 

178 

172 

170 

Bl. 

Lias litne, solenil ie . 

288 

.‘105 

1.50 

C. 

Selenitic lime . 

414 

2:10 

210 

1). 

Selenitic lime (HugLy) . 

r>77 

5:1:1 

:i20 

K. 

Selenitic lime (Aljorthaw) 

.5:10 

:i:io 

2:10 


tlie t(‘riacity with wliich the mortar adheres to the siirfac^es to b(; 
united. Thc^ reduettion in adiu'sivem^ss caused by increasing th(5 
pro])ortion of sand used in mortars is .shown in Table XXIII., duo 
to Hodgson. 

Table XX I If. Kffkct of Sand on .AmiEsivKNio.ss ok Mohtak 


Mixime. 

I’roDortictns. 

l-'oria' n‘((iiiri>d to Lrc'iik 
apart, two Itricks (■I'int ntcd 

Jiiine 

Sand. 

wit.li laiiK' MoiUir after 




lis Days. 

Fat lime and sand 

1 

:i 

4|A 11). ]>(a' .sq. in. 

Lias lime and sand 

1 

:i 

0 „ 

Lias lime and sand 

1 

4 

0? „ 

Portland cement and sand 

1 

4 

2:1 

Portland cement and sand 

1 

0 

15.1 „ 


Sources of Sand for Cements and Mortars.- vMmost any Jdnd 
of sand can be used satisfactorily if its grains are sufficiently angular 
and if the sand does not (jontain too much clayey mattijr. 

Sand from river beds is generally prefeuTed, as it is usually free 
from elay» thougli sand ^rom tidal rivers is often objectionable 
liecause the grains are too rounded. Where river sand is too 
costly, pit sand, blown Scind, and even rock dust an^ often us(‘d 
for making mortars. Tliey are inferior to river sand* when they 
contain a comparatively large proportion of juattcr so fine as to 
pass a 200-mesh sieve" and this should pref(?rably be removcul 
before the sand is used if sufficient of it is present to prevent the 
adhesion of the binding mq-terial to th(i sand and impede the 
hardening of the mortar. It is usually more economical to pay 
a rather high price to secure a good natural sand than to use a 
cheaper one which requires washing. 

Sand from the seashore is seldom suitab^ for mortars, as 
the grains ar# so smooth and rounded that they ^ do not permit 
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sufficient adhef^ion of the cement or lime. The soluble ti^lt present 
invSea sand is al^o objectionable (I. 156). 

(Jiiiek;sand, which consists of highly rounded grains, should 
never be used for mortar-making, as it tcuuls to settle to the bottom 
of the' inortar after mixing and produces a non-homogerjeous mass 
which is very weak and unsatisfactory. 

The sands stated on pp. 2^1-26 as being suitable for concrete are, 
without exception, c(pially suitable far mortar, but, in addition, 
sands which contain not more than 25 per cent of material parsing 
through a 50-mes)i sieve but remaining on an 80-mesh sieve may 
be used for mortar, especially for structures where a very strong 
mortar is unnecessary. 

Sands for Cements and Mortars. -The best sands for use in 
cements and mortars are practicuilly the same as for the fine 
aggregate in concretes In fact, the fine aggregate and cement 
in concrete really form a cement mortar, and the reader should 
refer to pp. 31-40 for further information as to its ])roperties and 
treatment. 

The chemical composition of the imut material used for cements 
and mortars and plasters is not usually of gn^at importance, where 
an ordinary sili(H}oiis sand is used, and in some instam'es calcareous 
sands (1. 86) are quite satisfactory. If the physical proper- 
ties of the sand an^ suitable, and the propoition of impurities is 
not excessive, a detailed consideration of the chemical composi- 
tion is seldom necessary. TIkj possible ingredients (other than 
quartz) which may require attention include the following : 

(Colloidal silica is always desirable in a sand to lx; used for 
concrete, cement, or mortar, as it forms a calcium silicate and so 
increases the strength of the mortar. It is, how(;ver, very difiicult 
to control or increase the proportion of colloidal matter present, 
and in most cases no attrmtion is paid to it. Wh(;re rocks are 
crushed to form sand, it is desirable to select a sandstone; which 
contains colloidal silica as a rock cement. 

The presence of solMc salts is very undesirabk; in sands used 
for making mortar, on account of the efflore'scence oi* scum caused 
on drying. The water containing the salts travels to the surface 
during the drying of the mortar and is evaporated, leaving a layer 
of white fuiry matter on the surface. ‘Much of the effiorescence 
found on brick walls is not due to soluble salts in the bricks, as is 
often suggelited, but to those in the mortar, which have been absorbed 
by the bricks and have afterwards risen to their surface. 

In countries where cement mortar has to be used during periods 
of intense frost, common salt is sometimes added to lower the 
freezing-point of the water until the piortar has had time to harden 
and so prtivent disintegration of the joints in the structural work. 
This enables the building to bo continued under conditions where 
it would otherwise be impossible, but it is not desirable under 
ordinary conditions. 

Clayey matter, silt, etc., are objectionable in comer ts and mortars 
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as they to coat the grains of sand and prevent the lime or 
cement from coming into sufficiently close conflict with thcyi, 
thus ndarding the stdting and hardening of the mass. 14 tht> 
sand contains less than 5 per (^ent of material passing* through 
a 200-mesh sieve, this proportion is not* very serious, but* if an 
appreciably larger quantity is present, the sgind should be washed 
prior to use. Some aiitlu^rities claim that a little clay is useful 
in mortar, just as it sometimes is useful in eoiuTete (see p. 27), 
whilst W. T. Dibdcn stated that clay is objectionable in mortars 
made with white chalk or groystone liiiu^, but that it markedly 
improves mortars made with blue lias lime. It is difficult to 
understand how this can be the ease with raw (;lay ; if the clay had 
been calcined its advantages is obvious, as it then forms an artificial 
trass (1. 105). W. T. Dibden has found that th(5 mortar used 
in constructiiig London Wall contained 19*5 })cr cent of clean, 
ferruginous clay ; samples of mortar from xAllington ('astle, built in 
the early thirteenth century, contain 8-0, 3-00, and 4 p(T cent of 
ferruginous clay. This gi'cat variation in the pro]3ortion of clay 
suggests that its f)res(UK*e was accidental rather than intentional. 

Tn sands which contain little or no fine mab^iial a small pro- 
portion of lean clay, or preferably silt, is sometimes an advantage, 
as it acts as a fim; sand and fills interstices, ^’liiis, a mixture of 
1 volume of gi’eystoiu^ lime and 5 volumes of Standard sand tested 
by W. T. Dibden had a crushing strength of 42 lb. ])(‘r sq. in., 
whilst with 7| per cent of clay it was increased to 183 lb. per sq. in., 
and with 2 volumes of sand and 10 per (*cnt of clay the crushing 
strength was 223 lb. per sq. in. For further information on the 
action of (hay in mixturcss of sand and cement see p]7. 27-30. 

Mica and felspar sliould not be pre*sent in sands used for mortar, 
the former being specially objectionable (p. 30). 

Trass (T. 105) or pozzicolana (1. 130) or lightly calcined clay 
(I. 130), is a very useful addition to mortars in plac^c of part of the 
sand, as it combines with free lime apd water, and the compound, 
having liydraulic (qualities, begins to harden almost immediately 
and produces a harder and stronger mortar. The addition of 
one of these materials has a further advantage, as in j)lain mortar 
the hard(Uiing only occur}^ at the surface^ whercxis when a small 
proportion of poz/.uolana, trass, or calcined clay is present, the 
mortar hardens throughout. As is well known, the hardening of 
ordinary mortar is due to the reaction of carbon dioxide on the 
lime, and if the mortar is dense it is very difficult for the action 
to occur in the centre of the mortar. The trass, pozzuolana, or 
calcined clay, however, hardens indepemhmtly of the air, as its 
hardening depends on a chemical reaction between it and the lime 
and water present, hard durable silicates being formed, whereas 
ordinary lime mortar chiefly hardens by the formation of carbonates. 
By this means, the hardening of mortar is rendered partly 
independent of the air, though the trass or its ctiuivalent hardens 
more slowly tl^an the surface of ordinary mortar. When mixing 

VOL. II 
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niortars, the trass, pozzAiolana, or calcined clay shouhL be added 
ta the dry cement or lime, mixed thoroughly in a dry state and 
this ^jiixtnrc added to the sand, tlu^ water being added last. 

For further details on the purpose and use of trass, pozzuolana, 
and calcined clay in mortar, see Vol. T. p. 130. 

(hound cimhrs are somcd»imos employed as a chea]) substitute 
for sand, but th(\v have the great disadvantage of introducing 
solubh? salts into the mortar : tlu'se, on drying, app(;ar as scum on 
the surface of the work and render it unsightly (I. 103). •The 
lime and soluble salts in a.shes make them undesirable in cement 
mortars, as they affecit the setting time of the cement and also 
alter the proportion of binder to inert material, so that tlu^ jn’operties 
of the mixture are not under proper control. The lime may also 
cause flaking after tlu*- cement has begun to set. 

Brick-dusl, when added in small ])roportion to a lime mortar, 
aids the hardening and tends to prevcuit the disintegration of the 
material. Its action is similar to that of trass (T. 1(55). A good 
mixtures is 1 part of brick -dust, 2 ])arts of sand, I part of lime. 1’he 
dust should be obtained from under-burned bricks. 

Stone -(hist and fine screi'nhujs may be us(‘d to re])lace part of 
the sand in mortar and may bo (piitc satisfactory (see also p. 24). 

They ai'e specially useful for mortars made with Portland 
cement and by their us(5 tlu; strength of tlu^ mortar muy sonustimos 
be increased by as much as 55 p(‘r cent. 

Marble-dust is sometimes used to l•eplace part of the sand in 
making very lim^ joints. 

The shape of the particles of sand in c(‘ments and mortars is 
not so i?nportant as is sometimes supposed. It is commonly 
stated that the grains should be sharj) and angular, but this must 
not be taken as a hard-and-fast nde, as other considerations may 
rightly influences the choice of a sand. Thus, a sand composed 
of somewhat rounded, but very clean grains, may be preferable 
to one which has more angular grains but contains much “ dirt ” 
or c^laycy matter. Mortars made with sharp sand }iav(5 a greater 
tensile! strruigth than those made with rounded grains, but irrany 
of the latter’ have a greater compressive strength if the grains 
arc not too smooth (I. 225). o » 

For use in mortar, the gr’ains of sand should preferably have 
a roughened surface, as this aids the adhesion of the cement or 
lime and it is most (essential that the mord^ar should form a well- 
bonded, homogeneous mass, or it will crumble to dust or bo washed 
out of the joints by the weather. 

The size of the particles of sand or other inert matter in a 
mortar should depend on the purpose for which the mortar is to 
be used, but in most cases the grains should be fairly coarse. Sands 
composed chiefly of grains smaller than 60-mesh should not be 
used for mortars, as such fine sands form “ dry ” mortars which 
do not adhere wti,ll to the stones or bricks they are intended to 
unite. This particularly the case with fine saads containing 
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soft liineslj^ne and shells. Where the joints arc to be very thii 
and close, however, a finer sand may be used than is desirahb 
for wider joints, and in the best ashlar masonry the finest siiarp 
grained sand obtainabh; should be used, as there ai*e only vi^r) 
small eav^ies to fill up and the \'ery tWmi(‘st possibk; joidts arc 
required. In relatively large masses of mor<;ar, such as may oeein 
in rubble work, small gravel or enishc'd stone should be uscxl ir 
addition to the sand, so to br(‘ak up the large spaces whicli 
would otherwise have to be filled with mortar. 

A coarse sand has the advantage of allowing the' carbon dioxide 
in the atm()S])her(‘. to penetrates fairly rcaidily into thes interior of 
the mortar and so facilitate? the hardening ])F‘o(‘css. 

Idle effect of using grains of sands of various size's is shown in 
Table XXTV. by Sabin. 


TaHLU XXIV''.” KfFKCT of (fttAlN-SIZI] ON TICK STJlKNFiTri OF fjMF MoHTAKS 


I ’arts hy 

W.'i trill. 

Kind oC 
Sand. 

Size of (trains. 

Am' of 
.Mortar. 

.Vveram* Trnsllr 
Strrnwth, 

l.iiiir. 

Sand. 

II). iK’r sij. in. 

1 

8-8 

Na<ural 

lU-ine.sli 

3 inont h.s 

07 

1 

8-8 

Standard 

20.:{0 „ 


r)2 

1 

8-8 

ScivciumI 

20-40 „ 


71 

1 

() 

Standard 

2(r-:{o „ 


47 

1 

(> 

Scm'nod 

20-40 „ 


r)0 

1 

11-8 

Stuialard 

2o-ao 


47 

1 

11-8 

Screened 

2tM0 


r)r> 

1 

17-7 

Standard 

2o-:{(» „ 


30 

1 

17-7 

Screened 

20-40 „ 


3!) 


It will be .seen from Table XIX. that the grading has an important 
effci;t on the strength of the moi’tar. Idle sands which arc? regarded 
as “ standard ” Avhen testing cements (/.c. those which consist of 
approximately uniform grains of 20-30 mc?sh) all produce wc?aker 
mortars than sands having a greater range of grading, though 
the effect of grading is not so marked in mixtures containing a 
smaller prejportion of cement than is used in tesl-irtg. 

Very minute grains, suc?h as arc found in fine pow^ders, are 
generally undesirable in mortar if prc'seiit in considerable propor- 
tions, as they do not sufficiently reduc?e the shr inkage of the mixture. 
Indeed, materials such as ground trass and bi’iek-dust form a plastic 
pa.ste when mixed with water, and on drying the paste shrinks 
so much that it cracks unduly. A small cpiantity of fine powder 
may, however, be present with advantage, as it slightly increases 
the hydraulic content and facilitates the hardening of the mortar 
(p. 49). Trass, if present, must be in a very fine state of division, 
as its value depends on its intimate contac?t with the lime used in 
preparing the mortar. It may therefore bo usc?tl in place of the 
fine sand, the sjp-called inert material in the mortar then consisting 
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of suitable ^proportions of coarse and medium sand and fine trass 
or other pozzuohMic material. 

’* UUder ordinary conditions, the sand used for mortar should 
be of the same grade (i.e. it should be composed of grains of as 
many Hizes) as the sand hsed for concrete, though for thin joints 
grains of the coarsest portion may be omitted. In other words, 
the grading of sands for cements and mortars should be such as 
to secure a minimum proportion of voids (p. 85). There are no 
grades recognised as standards for mortar in this country, though 
most builders prefer a sand which leaves little or no residue on 
a 20-mesh sieve ; few of them take the trouble to separate the 
larger grains. A few purchasers of sand for use in mortar insist 
that it shall leave no residue on a sieve with holes in. in diaineteT* 
(i.e. on an 8-mesh sieve) and for cement mortars and grouting 
it is quite usual to require the sand to pass completely through 
a 20-mesh sieve. 

If any standard were to be generally acceptable to builders 
it would probably specify the following, which is in close agreement 
with the Si)ecification of the American Society for Testing Materials : 

] 0-mesh . . . No residue. 

20-mesii . . . Not more than 20 ])er cent residue. 

/)0-moali . . . Not loss than 1)5 per cent residue. 

Even for the cheapest work, the propoi'tion of material passing 
through a 100-mesh sieve should never exceed 10 per cent of the 
total weight of the sand. 

In the United States it is customary t(^ specify that the sand 
for cement grout should consist of clean sharp grains, or of screenings 
of hard and durable rock or gravel. It should pass completely 
through a No. 12 sieve ; not more than 40 per cent should pass 
a No. 50 sieve, and not more than 6 per cent should pass a 
No. 100 sieve. The sand should be free from soft friable materials, 
shale, slate, and vegetable, or other organic niatter, and it should 
not contain more than 5 per cent of material which will pass through 
a No. 200 sieve. 

The methods of grading sand are fully described in Vol. I, 
Chapter X. ' 

The grading of the sand grains is especially important where 
a water-tight mortar is desired, as in a badly graded sand the voids 
between the grains arc both large and too numerous, so that if 
there is not sufficient binding material (i.e. cement or lime) to 
fill them, the mortar will be permeable. In this respect, a sand 
composed of grains of uniform size is of small value, as it is the 
presence of grains of various sizes, the smaller filling the interstices 
between the larger ones, which makes an impermeable mortar. 
Whether the sand as a whole is fine or coarse does not appreciably 
affect the impermeability of the mortar. 

The hardness bf the sand grains is generally much greater than 
is actually necessary, so that little difficulty is likely^ to arise from 
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using too ^oft a sand, though this property may need attention 
in the case of some non-siliceous substitutes for santi. 

Preparation of Sands for Cements and Mortars. — The sahds 
used for ordinary cements and mortars should not reipiire^mudi 
treatment, as the cost of such preptyation would usually be 
prohibitive. 

Washing (I. 384) is employed, where necessary, to clean the 
sands for use in cements and mortars, though even this simple 
process greatly increases th*e (^ost of the sand. 

Screening is very often necessary for sands to be used for cements 
and for mortars, chiefly ^or the purpose of separating stones and 
gravel. In many small sand-pits an inclined scnicn (T. 451) is 
used, a common size being (> ft. long and 21 in. wide, the screen 
being inclined at an angle of 45'7() degrees or morc^. In some 
j)its, the screen is almost horizontal and is suspended from a frame ; 
the sand is thrown on to it and tiie screen is ra])p(id or shaken to 
aid in the separation. For larger (piantities, rotary sert^ens (I. 450) 
are employed and when the sand has to be washed, the washing 
and screening are usually combined in one apjjaratus. 

Dryiruj - If the sand is damp it cannot be siTcened in its 
natural state and must either be washed through the sieves (see 
Wet Screening, I. 309), or dried before it is screened. Suitable 
dryers are described in Vol. I. p. 401, but as drying is expensive 
it is seldom used for sands re(piired for mortar. 

Other Treatments.- Joachim (der. Pat. 207,081, 1012) has 
patented the treatment of sand with hydrofluosilicic acid in order 
to {)roduc(i gelatinous silicic a(;id which improves the mortar in 
which such sand is used, as the gelatinous silica reacts rapidly 
with the lime present. Other (Herman patiuits have been granted 
for the use of fluorides for prodiuang a rough surfaise on grains 
of sand. 

Testing Sands for Mortars. — ^'The principal tests to be applied 
to sands for cements and mortars an; practically the same as for 
sand to be used in concrete. The mo.st important arc : 

1. A cleanness t(;st such as that d(%scribed in Vol. I. p. 244. 

“ Dirt ” in sand for use in mortar is also readily recognised by stirring 
the sand^with water in a tall glass vesstJ and avowing the mixture 
to stand for twenty minVites. Any material which has not st;ttlod 
in that time may usually be regarded as “ dirt,” though it may 
contain some of the finest grains of sand. • 

2. A grading test showing the pro])ortion of sand in eai^h of 
the principal sizes of grains, or plotUnl on a graph-sheet as in 
Fig. 12 (I. 216). 

3. A microscopic examination to ascertain the shape and size 
of the grains (I. 241). 

4. The weight of the sand per cubic foot or the equivalent 
volume-weight, determined as descriljed in Vol. I. p. 250. 

5. A determination of the strength of t]jc mixture of sand 
and binding jnatcrial in various proportions (I. 265). 
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' 6. A chemical analysis (this may be necessary if the sand is 
to be used for v^ry high-class work) (I. 237). 

, ' Fp s| 3 ecial purposes it may desirable to make other tests, 
such as the tensile strength of a mixture of the sand -with Portland 
cement, or to determine toe percentage of soluble salts jiresent. 



CHAPTER IV 

THE USE OF SANDS IN PLASTERS 

The term “ PlastcT ” iricludos a mimber of plastic; inat(!rials which 
arc applied to the surface of bricks, stones, or wood iu order to 
produce a nioderak;ly smooth and levc^l suiface. The; same; term 
is also applied to substan(;es such as plaster of Paris and to the 
various cements of analogous (;om[)osition which arc; usc;d without 
any admixture (except watcu*) ; tht;s(; are outside; the scope* of the; 
l^rescuit ehaptc;r, wliicli cleals only with plastc‘rs eontainiug sand 
or c;(|uivalc;nt material. In this restrictc;d application of the tc;rm, 
a plaster is very similar to a mortar, though used for an c‘ntirely 
dillerent pui‘[)ose. Such plastc;rs include : 

Cemmit 'plasters, which are regally c*ement mortars (j). 4*1) and 
consist of sand and Portland c;c;r)ient. 

Lime plasters, which are really men tal’s and consist of sand and 
lime. 

Plaster of Paris plasters or (rypsum plasters, in whie*h cale;ium 
sulphate or plaster of Paris is use;d instead of lime. This mi.xtui’e 
is sometimes terme;d “ white cement. ’ 

Stuca) is a term used to de^signate all external |)laster work, 
either liriie or ce;ment plaste*i’ being used. It is also usc'd to define 
some forms of internal ])lastering. (V)mmon stue-co, used foi* 
e;xte;rnal work, generally consists of 1 ])art of hydraulic lime and 
3 parts ejf sand. 

Sfjrafllto and Depeter are |)lasters made with^ Portland cement 
and sand in the; proportion of 1:3. 

Romjh emt or pebble dashimj is a plaster or mortar made of 
lime, sand, grave;l, and, where possible*, hair. ^ 

As such plasters are required to cover large areas and to retain 
their original appearanc;e, it is necessai’y to pay s|)ccial atte*ntion 
to the proportiems in which the vai'ious ingre;die.mts are^ mixe;d. 
Lack of adhesion and cracks in ceiling and wall plaste*rs are; usually 
due to lack of care or skill In the ])reparation of the ])laster and 
particularly the use; of (a) too small a proportion of sand, (/>) a 
sand containing too much fine material, and (V) too long an interval 
between the mixing of the plaste;r and its {yiplication — this is 
particularly the case with cement plasters, which^set rather epiickly. 
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Plasters such as those mentioned on p. 55 ar^., composed 
essentially of two kinds of materials, (a) a binding agent such as 
^Portland cement or lime, and (b) sand or other non-plastic material. 
The binding agent when mixed with a suitable proportion of water 
usually forms a plastic ^paste which, in time, dries and forms a 
hard mass of smaller volume. This shrinkage is generallj^ irregular, 
as the loss of water at the surface of the mass is naturally much 
more rapid than in the interior. The outer layers of the paste 
are quickly dried by being in contact with the atmosphere, and 
the contraction which takes place closes the pores in the exterior 
of the mass and prevents the loss of water from the interior, with 
the result that the exterior contracts on account of its loss of water, 
whilst the interior of the mass retains its original volunu^. The 
result is the development of a pressure on the interior of the mass. 
As the centre can only be compressed to a limited extent, th(5 
pressure of the exterior on the inte^rior becomes so great that the 
particles comprising the former are unable to hold together, and the 
stress can only be relieved by some parts of the mass breaking away 
from the other parts and forming cracks. 

To avoid the development of these stresses and the resultant 
cracking and falling away of the plaster, a non-))lastic material, 
such as sand, nnist be mixed with the binding agent in such a pro- 
portion that the binding agent merely covers tlu^ particles of sand 
with a film of plastic pastes, this film being so thin that its surface 
tension and that of the sand are sufficiently strong to (insure ample 
adhesion of the binder to the sand and vice versa. If a powerfully 
adhesive binder is used, such as Portland cement, a very thin 
film around each grain of sand will suffi(;e, but with a w^eaker and 
more voluminous binder, such as lime, a thicker film is esscmtial. 
The necessary thickness or thinness of this film is the chief factor 
which determines the relative proportions of binder and sand. 
Tt is obvious that if too little binder is used the grains of sand will 
not be sufficiently covered, and too large a proportion of sand 
will nec(5ssarily have the same effect. Precisely the same ]>rinciple 
is used in the manufacture of pottery, the plastic clay or binding 
agent being “ let down ” with flint, sand, or other non-plastic 
material, until all, risk of damage due to shrinkage is avoided. 

In some plasters, a binding agent is Used which expands instead 
of shrinking, this expansion being the result of a chemical combina- 
tion of the, mass with water. This expansion, like the contraction, 
also tends to be irregular and is liable to cause trouble unless pre- 
cautions are taken to add lime or other plastic material, or to adopt 
some other method of avoiding cracking or other defects. 

As the binding power of a sanqfle of lime or cement varies as 
a result of slight variations in its matnufacture, the plasterer must 
test his materials very thoroughly or, as is more usual, he must 
work in the hope that the proportions in which he mixes them will 
produce a satisfactory result. If he is fortunate, the cracking may 
not occur for several months after the ceiling or^ other plaster 
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work has J^eon finished ; in a very bad case, the cracks may be 
observed within a few weeks of the plaster being plrfeed in position. 

From the foregoing statements, it will be realised that such 
plasters are really mortars of superfine quality ; they are l^omposed 
of the same ingredients (p. 43), and the ^diief distinction b^tweiui 
siK!h plastJbrs and mortars lies in the greater care and skill exercised 
in the selection and mixing of the materials. 

Sand and Plaster of Paris. — Plasters consisting prineijially of 
calcined gypsum (^^e. plaster of Paris) are sometimes mixed with 
white san(l of moderate fineness (20-.50 mesh) so as to cheapen the 
material. In such mixtures, the sand sometimes providtLS channels 
for the crystallisation of the plaster of Paris, and these aid in 
iruTcasing the speed of setting. Unfortunatel\', the presence of 
sand in association with plaster of Paris decreas(\s the strength 
of the latter. 

Sources of Sand for Plasters.- The sands which are suitable 
for use in plaster must generally be white or very ])ale in colour, 
so that many of the sources of sand for mortar and eon(;rete are 
not available for the plasterer's recpiirements. For ordinary plaster 
work, highly siliceous sands arc almost wholly us(‘d, though for 
sp(?cial work other sands and crushed rocks may be employed. 
Common sands, for example, may be used quite satisfactorily for 
rough-cast work. 

Silver sand is used for cement-plasters when^ a smooth surface 
with a fine texture and light colour is required. 

Pit sands are largely used if th(\y an^ suffutiently pure and 
require little treatment, and river sands are also used to some 
extent (1. 104). Where river sand is used, it should preferably 
bo obtained from a clear running stream, as tlu^ sand is them more 
lik(dy to be clean than if taken from a sluggish river. 

Sea sand may be used after Ixu'ng well washed and (exposed 
to the weather for about six to nine months, but in most eases 
a ?nore suitable sand should b(* used, if it can bo obtained. 

Sand for most of a plasterer’s work should be specified as “ fresh- 
water, river, or pit sand, free from earthy, loamy, or saline material, 
well screened and washed if necessary.” 

Crusfml felspar, eoke-dnsf, and pumice slomi hav(* been used 
in place or sand in s])ecial^orms of j)laster. 

Crushed spar, barytes, slag, ground glass, and brick-dust arc used 
in some eases in plac;e of part of the sand. • 

Marble-dust is used in place of 2 )art of the sand in “ marble- 
setting stuff ” which forms a finishing coat to some plaster work. 
The marble-dust should be as coarse as the sand. Marble-dust 
has also been used for finishing stucco since the time of the 
ancient Greeks and Romans ; the latter used it at Pompeii and 
Herculaneum. 

The chemical composition of sands for jdasters is mor(‘ restricted 
than for mortars, as a purer sand is required. , Generally a fairly 
pure, siliceou^ sand is employed, and where colour is important 
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t'he sand should be as free as possible from any colourefj^ impurities, 

though there is, seldom any need to insist on the sand having less 
.thaii any specified percentage of impurity as shown by chemical 
analysis. 

The presence of mwi, clay, or carbonaceous matter in sand 
used for plasters is very harmful and, if the plaster \s used for 
exterior work, causes its rapid disintegration (see also p. 48). 
For this reason it is desirable to remove from the sand all the 
particles small enough to pass through a 200-mesh sieve. This 
is best effected, if necessary, by washing the sand. 

Siliceous sands for making plaster should b(^ perfectly free from 
soluble salts as these make tlie plaster difficult to dry, and the 
salt rising to the surface causes scumming,” which discolours 
any wallpaper, paint, etc., placed on it and tends to render the walls 
permanently damp. Soluble salts in the sand may also cause the 
plast(ir to fiak(\ especially if it is exposed to the action <^f the 
weather. For this reason s('a sfinds should be avoidcul on account 
of the soluble salts they contain (see also I. 150). 

The shape of the grains of sand used for ])lasters is of more 
importaiKiO than in mortars. For plasters a sharj) sand is desirable, 
and for this reason some pit sands are generally preferable to some 
river sands, as they are more regular, but if t}i(‘y contain any 
appreciable amount of loam or clayey matter tlu'y should b(‘ washed 
before use. 

Some river sand is not really satisfactory, on account of the 
roundness of tlu^ grains ; it may be used for making white cements, 
internal partitions, and ” setting stuff,” where th(‘ roundness of 
the grains is not so serious a defect. 

Th(‘ size of the grains of sand is not of great importance from 
the point of view of strength of the plaster, though the siz(^ selected 
should bo regulated a<;cording to the nature of the jdaster desired. 
Fine sands must bo used where a fine plastcn' is re(piir(‘d, whilst 
where a coarser j^laster is recpiired a correspondingly coarse sand 
may be used. For ” coarse stuff ” a coars(^ sand is preferable, 
but the ” finishing coat ” should contain fine sand so as to give 
a smooth surface. For common stucco work, where a smooth 
surface is n'fpiircd, the sand should pass t*o mple tel y ^ through a 
12 -mesh sieve. 

The sand used for plasterer's putty should be very fine, so as 
to give a senooth paste, and for this reason only that which passes 
through a 30-inesh sieve should be used, so as to exclude any coarse 
particles. 

Fat limes are generally best to mix with a fairly ('oarse sand, 
whilst hydraulic limes usually produce the best results when mixed 
with a fairly fine sand. It is not usually necessary to grade the 
sand carefully when it is to be used in plaster, though a well-graded 
sand, with its largest and smallest particles within the limits 
mentioned above, cis superior to a sand in which all the grains are 
of approximately the same size. 
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Tho m^hods of grading sand to make it suitable for plaster 
work are described on p. 35. 

Preparation of Sand for Plasters. — The sand chiefly use^ by* 
plasterers is not usually prepared in any special mann(‘r, except 
that it is generally screened (I. 441 ) to sepiirate the coarser pa»ti(4es. 
It may also require to be washed (I. 3S4) to remove clayey matter 
and “ dirt,” and some architects always specify the use of waslK^d 
sand. g 

In that case, the washing and screening are usually combined 
as described in Vol. I. p. 309. If screening is sufHcient without any 
washing, one of the screening devices described in Vol. I. pj). 441- 
408 should be used. 

Drying . — If it is ncc'cssary to dry the sand, one of tht^ dryers 
mentioned in Vol. I. pp. 401-413 may be used. 

Testing Sand for Plaster. — Tlu^ principal tests whicb niay Ix^ 
applied to sand to be used for plasters are the same as those givcm 
for mortar sands at tho (‘ud of Cha[)ter III. 



CHAPTER V 

THE USE OF SAND IN ROAD CONSTRUCTION 

Sands are employed to a considerable extent in road construction, 
the principal uses being : 

(a) The road surface itself (sand roads). 

(b) Mixed with other materials (sambclay, gravel (macadam), 

(joncrete, and asphalt roads). 

(c) As a filler between blocks of dressed stoiu^. 

(d) As a bedding or foundation for roads. 

Sand and Sand-clay Roads 

Sand as a road -surfacing material is satisfacdory when a little 
sand is merely sprinkled on the surfacje to prevent slipping. For 
this purpose, the sand should be very hard, preferably a siliceous 
sand, containing but little dust and practically no loam and clay. 
The grains should be sharp and angular, and fairly line, though 
not excessively so. Where the surface of the road for a depth of 
several inches is made of sand, however, as in the so-called sand 
roads, it is generally very bad for traffic of all kinds, especially 
where the sand is pun*, and contains no binding material. Such 
roads are extremely dusty in dry weath(*r, and are only moderately 
satisfactory when they are wet ; consequently, for the greater 
part of the year, they are a source of dissatisfaction, sometimes 
being even worse than muddy roads. Sand roads are never made 
nowadays, except in remote areas whih'e the ground is itself sand, 
the road in such cases being merely a levelled part of the tract 
of country. In such undeveloped districts the sand will be improved 
and the particles will bind together better if a suitable proportion 
of (day and loamy matter is added, and, for the same rc^ason, a 
sand which naturally contains a little clay or loamy soil is preferable 
for sand roads to a sand which is perfectly (dean. Sands which 
consist of angular grains are also preferable to those with rounded 
grains, as the former interlock better and do not roll about so much. 
The presence of fine dust in the sand improves the surface of the 
road by decreasing the mobility of the sand ; it also increases 
the capillary attraction of the sand and diminishes the percolation 
' CO 
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of water, s%*that the road retains its water much more easily and 
is, therefore, stronger and more satisfactory. A r()a(l wliolly covn- 
posed of very line sand is objectionabl(‘, however, as in wj^uly. 
weather the sand may drift like snow and spoil the sifrface df 
adjacent hyid as well as rendering the usr of tin* road nnple,asant 
and often almost impossible. 

When the sand is mixed with the materials used for making 
a road, the results arc miK^h more satisfactoi’v, as tln'y combine 
the good qualities of both the sand and oth(‘r ingredients. Thus, 
in a road made of a mixture of clay and sand, the clay aids in binding 
togethei* the ])articles of saml and thus overcomes to sonu^ extent 
the disadvantag(*s of the sand when used alone. K(*nce, roads 
rnafle of a mixture of sand and clay are often quite satisfactory 
in remote country districts wh(*re the required mat(‘rials can be 
ol)taincd cconomi(;ally. On the other hand, such roads an^ very 
muddy in wet weather. 

About bO-70 parts of sand to 30-40 parts of clay or soil usually 
gives the most satisfactory results, though equal parts of sand and 
loam sometimes produce a suitable road surface. The i:)resence of 
an ex(M>ssivo quantity of sand is undesiral.>le, as the surface of tlu^ 
road will not be sulfici(‘ntly durabh; and will disinti^grate raj)idly. 
Mixtunis containing less than 50 per ecmt of sand are not usually 
satisfactory, as in hot weather the mixture tends to shrink exc(*ssively 
and causes cracks in the road surface. The pro})ortion of voids 
in the raw saiid should be about 30-40 per cent, so that about 
this quantity of clay is necessary to fill up all the interstices between 
the grains of sand. The proportions of sand and clay in a natural 
or artificial mixture may be determined as described in V^ol. I. p. 240. 

When the correct proportions of (day and sand are used (thc^y 
vary with each sand and clay), the road surface will become slightly 
glazt^d and will offtT considerable resistances to abrasion. The 
layer of sand and clay mixture should be at least 0-8 in. thick in 
the C(sntre, and 4-0 in. at the edges of the road. 

The sand used for mixing with the clay for patching roads of 
this kind should be fairly pure and silicseous, mica being the most 
objectionable impurity, so that no sand should bo used if a consider- 
able prop( 4 rtion of this cejnstituent is ])resent. -The sand should 
be as coarse as possible, and should be so graded that when mixed 
with the clay in the proportions 1 of clay to 2 of sand, it is practically 
impervious to water. The best results are obtained by the use 
of a sand containing 45-60 per (;ent of grains between 10- and 
60-mesh, this proportion consisting of equal ])arts of 10-20 mesh, 
20-40 mesh, and 40-60 mesh. 

Gravel and Macadam Roads 

Gravel and macadam roads consist of pebbles 2 in, diameter, 
the interstices of which are filled with smaller %p(‘bblcs or stones 
and with sand^or with a mixture of sand and clay. It is essential 



62 SANDS FOR GRAVEL AND MACADAM' ROADS 

ill such roads that the various materials should be welj^ compacted 
tof^ether, so that when the surface is rolled a good, strong road is 
produ(jed. Badly compacted roads are very unsatisfactory, as 
wheels sink in and increase the tractive resistance. In addition, 
the surface is more peri^eable to watc^r, rapidly softens, and ruts 
readily form . To produce a good gravel road it is therefore necessary 
to grade the gravel and sand in such a manner that each particle 
has the greatc'st possible contact with the particles around it. The 
sand grains should usually have their interstices tilled with some 
form of binder, such as clay or soil, so as to increase still further 
th(> impermeability of the road. The tine dust scraped from a 
road prior to repairing it- is also useful, as it often has slightly 
hydraulic properties when wetted, and so helps still further to 
bind the particles of stone and sand together. This additional 
binding action works more satisfactorily with an angular aggregate 
than when rounded pebbles arc used. 

John McAdam, whose name will always be associated with 
roads of this type, used to recommend that little or no road dust 
should be added to the materials used for making or repairing 
a road ; on the contrary, he relied on the dust being produced by 
the crushing action of vehicular traffic on the surface of the road, 
the dust so produced being rolled into the surface by succeeding 
vehicles. The use of limestone as the aggregate is an advantage 
in this respect, as it rapidly producers sufficient tine dust to bind 
the surface of the road in an effective manner. 

The chemical composition of the sands used in constructing 
gravel roads is not of great importance, provided that mica, slate, 
and other flaky Tuaterials are either absent or present in only small 
quantity. The most suitable^ sand is composed almost wholly of 
silica in the form of quartz, but calcareous sands can be used, 
though they are softer and, therefore, wear away rapidly. They 
have, however, the advantage that in wearing away they produce 
their own binder and so are cementtxl into a solid and strong 
mass much more readily than is the case with highly siliceous 
materials. 

Fine, clean siliceous sands are very satisfactory for forming 
road surfaces on ac(;ount of their durability, but they must be 
supplied with some other binding Tuatfjrial such as clay or soil, 
as they possess little binding quality of their own. An impure 
or clayey sand is more satisfactory than a purer sand, as, if clay 
is present in proportions not exceeding 20 per cent, it assists in 
binding together the coarser materials ; but larger proportions 
of clay are undesirable as they cause the roads to be more readily 
affected by frost. Ferruginous matter, when clay is also present, 
is very useful in the sands used for gravel roads, as it aids in con- 
solidating the surface of the roads, but iron compounds alone do 
not have any appreciable effect. Grains of sand which are coated 
with iron oxide and clay, or which contain clay ironstone (^.e. iron 
ore cemented by clay), have a great cementing power and are, 
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therefore, satisfactory. Such sands arc especially usc^ful 

where a roller is not available, or when only a limited supply of 
water is obtainable for washing in the binder. Low-grade jron , 
ore is sometimes intentionally add(*d to a sand to prtftluce aii 
artificial mixture such as that m(uition(‘d» above. The sand used 
for gravel roads must usually bt^ obtaim'd locally, as the cost 
of transporting it over a long distance would be prohibitive. 
Fortunately, as previously statcnl, ab)io.st any kind of sharj) sand 
can be used. 

The sand used for filling the int(‘r.stices between th(^ coarser 
materials oftim oeemrs in close association with th(‘ latter. 

The shape of the grains of sand used for gravel roads is of great 
importanct? wliei’e a durable surfaces is required. Shaiqi, angular 
sand |)articles are d(^sirablo and form a more durable surface than 
rounded grains. 

The grading of the sand is also of great importance, though 
V(U‘v little attention has b(;cn [)aid to it. I’his is ])artly the result 
of ignorance and ]mrtly due to a desire to avoid exp(‘nse in making 
the road, though such appanuit savings are oftem washdul in the 
end. As explained in Chapter TT., a well-graded sand, consisting 
of grains of difT(‘rcnt sizes, forms a much more impervious mass 
than sand in which all the grains an^ uniform in size. 

Unless the conditions are ex(^eptional, the sand should not 
contain jnorci than 20 f)er cent of material which passes through 
a 100-mesh sieve, as too large a |)ropo?’tion of very fine particles 
tends to make the surfacci of the road too soft to resist tlu^ traffic. 
When, for the sake of cheapness, a sand containing an exce ssive 
proportion of clayey matter is used, the Result is a dirty and dusty 
road of low durability. 

Tlie method of grading sand for roads is the same as tliat 
des(U'ibed on p. 3o. 

The hardness of the sand used partly dtitermines the durability 
of the road. A siliceous sand composed of almost ])ure quartz 
or made; by grinding chert, trap, or similar rock, gives tla* mo.st 
durable road surfact^. An artificial sand made by grinding lime- 
stone to dust is commonly used, but it is much softtu’ and is, 

therefore, less durable than siliceous sand. 

• 

Con CRETE Ro A i )S 

(Joncreto roads consist of an ordinary concreUi aggregate and 
sand, bound with Portland ceirumt to form a hard, strong mass. 
The sand used in the c;onstruction of such roads should bo the same 
as for other forms of concrete and is fully described in Chapter 11., 
so that no further description is needed, though the following 
specification recommended by the National Canadian Conference 
on Concrete Road Building in 1910 is inttu-esting ^ “ The fine aggre- 
gate shall be n|itural sand or screenings from hard, tough, durable, 
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crushed rock or gravel, and shall consist of quartzite gr^s or other 
equally hard mfitcTial graded from line to coarse with the coarse 
•.parl^Jcles predominating. When di*y, the sand shall pass tlirough a 
screen having four meslies pc^r linear inch, not more than 25 j)er cent 
of it shall pass through ft sieve haviiig lifty meshes ])er linear inch, 
and not more than 5 p(?r cent of it shall ])ass through a sieve having 
ont! hundred meslies jier linear inch. Tt shall not contain any 
vegetable or other delekuious matter^ nor more than 3 per cent 
by weight of clay or ‘ loam.’ Routine field tests shall be made 
on the fine aggregate as delivered. If moi’e than 5 p(;r cent of 
clay or loam by volume settles out after one hour’s shaking in an 
excess of water, the material represented by the sample snail be 
held j^ending laboratory tests. The fine aggregate shall be of such 
quality that mortar composed of one part of Portland cement 
and thre;e parts of fine aggregate by w(‘ight, when made into 
briquettes, shall show a tensile strength (at seviui and twenty- 
eight days respectively) equal to, or greater than, the biiquettes 
composed of one part by weight of the same cement and three 
])arts of standard Ottawa sand. The peretuitagi^ of water usi^d 
in making the briquettes of cement and fine aggregate shall be 
such as to produce a mortar of the same consistency as that of 
Ottawa sand briquettes of standard consistency.” 

A suggested specification issued by the Rritish Manufacturers 
of Portland cement is as follows : 

“ No natural deposits of sand and gravel shall be used without 
washing, screening, and grading to comply with the conditions 
hereinafter laid down. No aggregate shall be used which is not 
hard and tough, or which is laminated and iqxm crushing bniaks 
down into flat elongated particles. 8oft or porous materials such 
as broken brick, breeze, etc., shall Ixi proliibited. All aggregates 
shall be clean and free from clay, dust, vegetable, and othiu* foreign 
matter. (Jare shall be taken that the aggregate is n(;t contaminatc*d 
with mud, etc., after delivery to the site of the work. 8and or 
fine material shall all pass through a j - in. siiuare opening, but 
not more than 10 per cent by weight shall pass through a sieve 
having fifty meshes per linear in(;h. The grading from the maximum 
sizes shall be regular and no material shall be. used whi^h contains 
a large proportion of particles of approxftnately one size.” 

Concrete is also used as a base or foundation for brick roads. 
For that purpose the National American Paving Brick Manu- 
facturers’ Assoidation requires that the sand or other fine aggregate 
“ shall consist of clean sand or screenings from hard, durable rock, 
gravel, or slag, free from soft friable material, shale, or slate, 
vegetable or other organic matter, and that it shall not contain 
clay or silt in excess of 5 jier cent by weight. The sand or fine 
aggregate shall pass completidy through a screem having openings 
I in. in diameter and shall be uniformly graded.” 
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Bitumen-concrete Roads 

Bitumen-concrete roads consist of a base of broken stone *and. 
a wearing surface composed of a concrete with a bituminous cement 
binder. Tte. sand used for mixing wit4i the coarse aggregate 
should have the same general properties as for ordinary concrete 
roads, but a much smaller proportion — usually only 3-10 per cent — 
of sand is used. The grains^should be moderately sharp, but they 
should not be either excessiv^ely sharp or smooth and rounded. 


kSuEET-ASPHALT PAVEMENTS 

8heet-asphalt pavements consist of a foundation of concrete, 
ma(!adam, or other suitable material covered with a binder course 
(!ompos(id of broken stone cennuited by an asphaltic cement with 
or without the addition of sand. This is in turn covered by a 
w(uiring coat consisting of sand, dust, and asphaltic ctnnent. For 
the hmlmj course sand is not used, thc' finest grade of material 
consisting of ]jarti(!lcs varying from in. diameter. Dust is 
undesirable. The grains should be as hai’d as possible and angular, 
as smooth or rounded grains render th(‘. road k^ss durable. 

The ivearin^ cxxit consists chiefly of sand, whic^h should have 
tlu^ sarm; pro]i(uties as for eoma'ete (p, 26). 8ands from the 
Lower Greensand of Surrey and Bedford and Portlandian sand 
from Oxfordshire, have been used for this purpose. The presence 
of a little clay or soil is no disadvantage, as it acts as a iillor and so 
helps to fill the voids. It should not be ()resent in more than 
small quantities, howevt^r, and it should not be sufficiently plastic 
to form a coating over the grains, or it will l)e likely, when passing 
through the heatc^d Tnixer, to Ih) burm^d on to the sand particles, 
and so prevent the asphaltic cement from adhering properly to 
the sand. 

The grading of the sand (p. 35) is of great importance. Until 
very recently, little attention was paid to this, but it is now realised 
that adequate grading is essential to tin* production of a hard 
durable sui-face. A sand composed almost wholly of grains of a 
smgle size* will seldom h|ive ideal working prbpertu^s without 
admixture, so that an artificial sand must usually be prepared. 
Table XXV. shows what Richardson and Forrest respectively 
regard as the ideal gi’ading of sand for sheet-asphalt (iavememts. 
The sand used for a road subjected to heavy traffic is finer than 
that for light vehicles, because heavy traffic passing over coarse 
sand would soon fracture the large grains, leaving the fragnumts 
loose and in a state in which they would tend to grind together 
and also allow the entrance of rain-water, so that rapid destruction 
of the road may occur. Tf, howev(?r, a fine sancl is employed, 
fracture is less likely to occur and the surface material retains 
its strength and cohesion. 

VOL. II F 
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Table XXV. -Standard Gradings fob Sand fob ^bet- 
ASPHALT Pavements 


• 

Paiiint; 
Sieve No. 

Kichardson’s Gnidinirs. 

Korrc.sf.’,s 

Grading. 

Grade of Satid. 

Ideal for Heavy 
Trallic, per eent 

J’f'rndssible ft)r 
Lijjlit Traffic, 
luT cent. 

t 

Por cent. 

1 

1 Dust . 

m) 

• 

U 

0 

0 

1 , 

1 Fine j 

1 ^ 

100 

so 1 

17 

17 

■Ji) 


1 Medium 1 

' 50 

40 

' :w 

i:i 1 

:io 

1 

Xot over 40 


.W 1 

10 I 


/ 

Coarso . // 

JO / 


/ 

/ 

1 

10 / 


:w / 

J0:W / 

V\u-y c'oarsf . 1 

.S 1 

L 

_ " ..1 

„ (; 

Vot over 10 1 


The filler which is used to occupy the iiitcMstices hetween the 
sand grains so as to leave as low a pio])oi’tion of voids as possible 
and, therefore, to economise in tlu; afuount of ccuuent required, 
usually consists of a line sand produced by crushing limestone 
to a flour-like ])owder. J^)rtland cement is also us(‘d, though 
less frequently, and is very satisfactory for lieavy traflic or wlu're 
the roadway is often W(;t. W'liatever type of filler is employed, 
it is essential that it should hav(^ a large* volunu^-weight (1. 222), 
as the gi’cater the weight ]K*r c\d)ic foot tlie greater will be the 
density of the surface of the* I’oadway. At least (iO |)ei' cent, and 
preferably 75 per cent, of llie liller should pass through a. 20()-mesh 
sieve. 

The inert material of tlu^ wearing coat (consisting of sand and 
liller) should contain 10-20 per ceuit of material which will pass 
through a 200-mesh siev^(\ When^ the asphalt itself contains line 
inert matter, this must lx> taken into consideration ; for instance, 
Trinidad asphalt contains about 44 p(‘r cent of such material. 

An i^xcess of tine dust in the sand us(*d foi* as[)haltic I’oadways 
and pavements is very undesirable, as it increases the amount 
of asphalt required, tends to make the mixture s(jft and yielding, 
and makes tlu^ hot material difficult to spread. 

The gi’ading of the compl(*te pavement or road -surfacing material 
specified W tht? American Soi^iety for Municipal Improvements 
is given in Tabic XXVI. 


[Table 
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^ABLE XX VI. — Grading for Asphalt Pavement 



Per cent. 


Per cent.* 

Bitiiraon T ’ . 

9-5 to i:t r> 

• 


Sand passing 200-iiiosh . 

„ SO „ . 

Not loss than 10 
10 to :tr) 


Total nf)t loss than 25 

r.o „ . 
40 „ . 

• 4 „ 95 

4 „ 25 


Total not loss tlian 15 to 

r;ii 

„ M ao „ . 

4 „ 20 


f)U 

iJO „ . 

4 „ 12 



„ „ 10 „ . , 

2 „ H 


Total 10 to 95 

„ „ S „ . 1 

/ 

0 „ 5 

1 



A gnidinfr used in Fidhnm and other parts of Surrey, etc*., \vJiJ(.*h 
has proved cpiite satisfaetory is shown in Tabic? XXVll. 

Taulk XXVll 


.Mesh ot Sieve,* 

Per cent. 

200 

18 

100 

17 

SO 

17 

50 

95 

90 

(i 

20 

4 

10 

9 


* 'I ho sit‘v<s ;irii to >»i> used in (,lu* order named. 


As PH ALT-CONCRETE J^A VKMENTS 

Asjihalt-oonereto pav(?nicnits, which arc used inoic? extcnisively 
in the IJnitc'd States than in this country, have* a wearing surface? 
coin[)(jsed of a concrcdc? aggregate with an asphaltic ccunent and are 
very similar to bituminons concrete, but differ from sheet-asphalt 
pavemeTits»in containing a inch coais(?r aggregate. In (?aeh ease, 
the material which passers mrough lOO-mesh and 200-mesh sieves 
res])eetively is usually composed of naturally tine mineral matter 
to which may be adcled flnc'ly ground limc'stone ; tlie greater part 
of the remaining material usually consists of sand, the coarsest 
portion being gravel or stone chippings. The sand used in asjihalt- 
concrete pavements should have the same profK?rties as that used 
for bituminous concrete. 

In Bitulithic Pavements the wearing cjoat consists of aggregate 
in pieces from 3 in, diameter to dust. The sand should have the 
same properties as for other tyi)es of road ; the grading of the 
material used for two (?xisting road surfaces i% shown in Table 
XXVIII. 
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T^blk XXVllI.— Ojiadtno of Material foji Bitolitjitc PavIJ^ients (Agg.) 


r 

Xo. 1. 

No. 2. 


PIT fl'llt. 

f'or irnt. 

Bitumen 

7-() 

7-02 

Mineral aggregate pa.s.sing through 200-nic.sh sieve 

40 

4-.58 

100 . „ 

4(i 

3- 99 

., .. ,, 80 ,, 

:i-2 

2-7() 

.. ,. .. ,, 50 ,, 

7 -.'I 

7-88 

.. t. .f .. 40 . , 

:m 

1-27 


2-4 

2-.30 

.. .. 20 

2-2 

213 

.. .. *. .« 10 .. 

51 

3-77 


01 

4-85 

1 

io:i 

12-75 

,, .. .. li 

:ji-2 

4t)-()l 
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Nunioroiis patents have be(‘n j^ranttnl for various mixtures to 
be used for asphalt-eoiu-rete roadways, and iniieh litigation has 
risen therefrom. Three of the most imj)ortant of these [latented 
mixtures are (a) that used in tlu^ Amiesite pavement, which is similar 
to the Bitulithie pavement, (/>) that usimI in the Warrenite pavement, 
in which sand forms the bulk of the wearing coat, and (c) the well- 
known Topeka mixture, which has the grading given in Table XXIX. 

Taumo XXIX. — Topeka Mixti ke 

I'rr (rut. 

Bitumen 7-11 

Mineral a)>:jiref?nte pa,s.sing through 200-mo.sh sieve* 5- 1 1 
„ 40 ., 18-;i0 

„ 10 25 - 0.0 

„ ,. 4 „ 8-22 

,, .. - „ Not over 10 

• Tlu- hIc'Vp.s to 1)0 list'd in the ordor naiiiod. 


The American Society for Municipal Improvements recommends 
the grading given in Table XXX. for asphalt-concrete pavements, 
as it has been ascertained that it does net infringe any of the patents 
just mentioned. 

Table XXX. -Grading of Material for Asphalt- 
concrete Pavement 


Bitumen 

Prr cent. 
7-9 

Mineral matter passing 200-mesh . 

7-10 

80 „ . 

. 10-20 

40 „ . 

. 10-25 

20 „ . 

10-25 

8 „ . 

10-20 

j tt 4 . 

. 15-20 

2 . 

. 5-10 



SANDS FOR ASPHALT-MASTIC ROADS 


Asphalt-mastic Pavkmekts 

Asphalt-mastic pavemc^nts consist of mastic, asphalt, ajid saikI. 
Ihe material known as mastic in the pavement-making industry 
IS a mixture of 12-18 per cent of asphaltf with 82-88 per cent of 
a divided inert material, which may be (‘ither a siliceous 

sand, limestone dust, iron oxide, or alumina, oi* mixtures of tluise 
materials. Th(i mastic is l)pak*d to 35()°-40()° F. (177“-2()4° C) 
and is then made into cakes weighing oO-bO lb. each. These blocks 
are melted and mixed with an additional quantity of asphalt and 
sand required. Ihe sand may be either siliceous or calcareous, 
but^the lattcir must not be used in the vicinity of acids. 

Ihe grading should Ik^ adjusted so as to seenre a minimum 
ol voids (p. 45), and no [)articlcs of the sand should be more than 
I in. diameter. 

Ihe grading shown in 4’able XXXI. may be used for various 
purposes. 


Tahlu XXXJ. Gradinc. for Mastic Pavkmfnts (Abraham) 



— 

— 


10-200 Mosh, 



l»cr cent. 

M In. 

MHtoi’irtl f(.)r ; 



Fool pat }iH .... 

20 

41 

Cellars 

lo 

40 

Corridors, stairs 

ir> 

35 

Shops 

12 

33 

Cold storage .... 

If) 

35 

Acid tank rooms : 



Hottoin eourso 

15 

35 

'iPop course .... 

12 

33 

lioscrvoir.s .... 

5 

30 

Swimming-pools 


31 

Bridgc.s : 



Bottom course 

5 

30 

Top course .... 

12 

33 

Concrete bridges 

10 

30 

• ■' 


Asphalt Paving Blocks are mad(^ with a mixture of broken 
stone or grit of J- in. -10-mesh and sand, at least 20 per cent of the 
sand or other inert material passing through a 200-mesh sieve 
and not more than 3 p(?r (;cnt remaining on a 10-mesh sieve. A 
minimum of voids is desirable, as in concrete (p. 35). 

Expansion Joints made of bituminous material consist of sand, 
asphalt of high fusing point, and shoddy dust in the proportion 
of 1:1:4. Sheets of this material are placed between the pave- 
ment and the curb or acToss the pavement so as to take up stresses 
due to changes in temperature. The sand for this purpose may 
be limestone ®r siliceous sand, crushed slate, or other similar 
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rtiaterial, and should be fairly fine. Its general proiie^|ios should 
berthe same as those of sand for sheet-asphalt paviuneuits (p. 6r>). 

Sand as a Filler 

Sand as a filler in roads composed of bricks, wood!, or stone 
blocks has long b(;en used, the filler’ being placed between the 
joints in the niat(‘rials so as to ])rev(*nt the moveinent of thi? blocks 
and to av^oid their edges being chipjled wfiiilst in us(\ There is 
seldom any nec^d to mix anything Avith the sand, and as a matter’ 
of fact, sand alone has long Ireen us(‘d as a fillru’ for br ick and wood 
block r'oads, though its use for wooden blocks in roads has now 
been largely abandoned. Sand as a filler’ for roads made of bricsk 
has the advantages of being vesry cheap and no tirm* is lost in opening 
the road, as is the case when a wet liller is irsi'd. If it should be 
desired to brt^ak trp a sand-lilled road, the bricks tluMnselves need 
not be darnagenl, as the liller does not cruuent them together. 

The quality of sand used as a filku’ for’ bricks, etc., is not of 
great importamte, birt it shoirld contain a considiTable jiroportion 
of material liner’ than 20-m(‘sh and should not contain much nror’e 
thair 10-15 per cent of clay or “ dirt," though the presence of these 
materials is less ser*ious than wfiier’e some form of binder’ is used, 
which is rerprired to adhert^ to th(^ ])ari:.icles of sand. 'J-lre sand 
should be quite dry so that it trtay be readily pr’(‘ssed into the joints 
betw'een tlur blocks. 

Cement Grout is sometimes used as a filler’ for* roads made of 
bricks and w^ooden blocks. The sands used for this [irrrpose are 
described in (diapter JTl. For road work not more than 1 per cent 
of “ dirt” should be prr^sent in the grout, and the grading should 
be fairly uniform, from 20- to 100-mesh. 

A Tar-sand Filler is sorrretirnes used for roads made of either 
bricks or stone blocks. Th(5 sand in such a mixture renders the 
tar less susceptible to (changes in tenqieratunL 'rh(> sand for this 
purpose should bo tln^ same as that for asphaltic, roadways (p. 07) 
and should be quite clean. The coarser th(‘- sand, the less tar will 
be required, but the sand should not be so (joarse as to prevent 
the production of thin joints. It .should usually pass completely 
through a 20-tnesh sieve. 

Sand as a BKOorNO 

In order to prevent the up{)er part of the road from being forced 
into the ground, a bedding of some kind is employed. In macadam 
and similar roads, a layer of sand, cnished stone, or even ashes, 
is interposed to prevent this sinking. It has been suggested that, 
for roads on a clay soil, the clay and “ dirt ” should be removed 
down to a sufficient depth and the space filled Avith sand so as to 
prevent settlement, Avhich AVould otherwise inevitably occur. The 
cost of this method is usually prohibitive. In roads composed 
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of blocks of|sitono or wood, or oven biicks, a bedding course of sandT 
is generally laid between the foundation and the blocks. 

The chief disadvantages of sand as a bedding course arc : 

1. It is very difficult to make the bed of ecjual density Ihi’ougJi- 
out, especiajly where it is laid thickly. 

2. Iffic sand tends to rise between tlu^ joints of the blocks and 
so prevent the liller from reaching to the whole* dt‘|)th of the bricks 
or blocks ; this is especially tjie case^ where line sand is used. 

8. The sand is liable to be* irre'gular in its moisture eemtent. 

4. The sand is liable to le*ak away through crae^ks inte) man- 
holes, scAvers, etc., so that the leaved ejf the re)ael is gradually lowered 
—usually in an invgular manne*!*. 

In spite of the'se*: disaelvantages sanel is still largely useel as a 
bedding course. 

Selection of Sand for Road-beds. — Ahne).st any e le'an, line .Scand 
e)f mexlea'ate sharpnesss can be useel fe)r the femnelatiems and bedding 
of roads, but a highly siliceous .sand eemtaining at mo.st 2o per cent 
e_)f clay e)r “ dirt is the l)e.st. “ Dirt ' ea* le)am is imelesirable, 
as, if the beelding e*e)ur.se l)eee)me‘s wet eluring use*, the* line particles 
e)f e*lay and loam may be washesl te) the be)tte)m e)f the bed and so 
cause the bloe'ks to sink anel pre)duce a ve*ry une^ven roael -surface. 
\k‘getablc matter in the sand is alse) very unelesirable, as it de^cays 
in use, is liable te) be Ava.sheHl e)ut, anel alle)ws the* bloe*ks to sink. 

1'he Ame'rie'an Sex*ietv e)f Municipal lmprove*ments recommends 
that not me)re than 1 0-25 pe^r cent e)f le)am e)i’ e-lay she)uld be ])resent 
in the sand used for beMleling weeoelen blocks, whilst fe)r brick re)aels 
the National Paving ib’ick Manufacturers' Asse)e*iation specify that 
the Scand .shall not contain ?nore than 1 5 per (*ent by Aveight of 
e'lay eer loam. 

Moidure is very unelesiraljle in sands used fen* beelding roads, 
cas wet sands have a greaiter volume than elry e)ne*s, es[)ecially if 
the sand is fine. Fe)r this reasem, if a sanel e*.e>ntains enoisturc 
irregularly elistribute*el, the bed, e)n drying, Anil vary in thickness 
and so giva^ the roael a bad surface*. He*ne*e, the sand she)uld be 
perfectly dry Avhen it is laiel. 

The texture of the sand is also impeu-tant. It she)uld e^pnsist 
of sharp apgiilar grains se)^as to obtain a maximum of interlock- 
ing and a minimum ejf movement. R()unele*d grains, e.specially if 
.smooth, te*nd to roll anel the bed is more e.asily di.sj)laced. For this 
reason, sand ce)nipe)seMl ejf rounded grains sheeukl not be used as 
a bedding material. 

The size e)f the> grains of sanel is veu'y important. The sand 
should be so fine as to feel .soft and A'edve*ty ; it Avdll then form a 
den.se, solid bedding. The finew the grains the better will be the 
quality of the bed. 

Mixtures of cement *and sand are sometimes used for bedding 
courses, as they are less mobile than looser sand and so have an 
advantage over the latter. 8uch a bedding adheres both to the 
foundation bel^w and to the blocks above, so that a very rigid 
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road-surface is produced. The bedding is made by lading a dry 
mixture! of cement and sand in the proportions of 1 : 3 or 1 : 4 and 
»thei) laying the bricks or blocks on this bed. The latter are next 
sprinkled with wat(!r, thus converting the mixture of cement and 
sand into a mortar, thoiigh this is not as good as a properly mixed 
mortal’, because the amount of water which can gain access to the 
bed is limited and it is difficult to wet the whole of the mass 
uniformly. ^ 

In some cases the cement and sand are pi*o]>erly luixed with 
water before being laid, and the bricks are then placed in position 
on the bed before the mortar sets. The sand used for such beddings 
should have exa(!tly the same properties as that used for cement- 
sand mortars (p. 48). 

Preparation of Sands for Use in Road Construction. Wherever 
possible, sands in road-making should not umk^rgo any treatment, 
as the cost of such |)reparation greatly increases the cost of making 
the road. In some cases, however, it may be necessary to wash 
or screen the sand, esixicially where a clean and carefully graded 
product is required. Tubular or rotary sand -washers (1. 389) 
are very satisfactory for tliis pur])ose, es])e(!ially if they are portable 
and a dry sand is required. In most cases th(! sand can be obtained 
sufficiently dry, but if not, some form of drytJr (I. 401-413) must 
be used. 

Screening is very desirable so as to secui’e a properly graded 
product. For this purpose, any of the m(!thods described in 
Vol. I. C'hapter X. may bo employed, portable! rotary seieens being 
satisfactory. Where it is merely required to s(q)aratc some coarse 
material from the sand, an inclined flat screen may be used. Where 
stone screenings an! employed in addition to or instead of sand, 
it may be necessary to crush them in order to secure a [)rodu(jt of 
the desired fineness. 

Tests for Sands used in Road Construction.- I'he tests of sands 
for making roads are practically the same as those suggested for 
testing sand to be used for concrete, as much of the sand used 
in roads forms part of an aggregate similar to that in (joncrete. 

The principal tests are : 

1. Chemical analysis (I. 237). Thi^ is not usuallyi important 
except for channels and conduits along which acids may be recpiircd 
to flow. 

2. A microscopical examination to show the shape and size 
of the gi’ains, and the nature of their shrfaco (I. 241). 

3. A cleanness test (J. 244). 

4. A grading or sieving test (I. 240) to show the proportions 
of grains of various sizes. 

5. A determination of the jiroportion of voids (I. 201). 

6. A determination of the volume-weight or weight per cubic 
foot (I. 259). 

7. A hardness 'liest (I. 209). This is necessary for sand to be 
used for the wearing coat, though usually the hardness nf omr 
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siliceous s%jid is ample ; the calcareous sands and various sand- 
substitutes are often too soft. 

8. A determination of the dryness or moisture content (T. ^538).- 
This is necessary in the case of sands to be used for betiding, as 
there the presence of much moisture would bt^ serious. 


Sundry Usks of Sajjd in JiuiLoiNo Con.strtjction 

Foundations. — The use of a natural sand bed for foundations 
is v'^ery satisfactory from a health standpoint, provided the giound 
is not low-lying or water-logged. A sand bed is sometimes iis(‘d 
as a foundation on which brickwork is built when tlu^ ground 
is somewhat weak. Sand is also used to form ])ilcs in ])eaty 
ground. A timber pile is driven into the ground to thti retiuired 
depth and drawn out again, the hole thus formed btung filled with 
sand and the sui*fac(^s cov(U‘ed with concrete. The dc‘])th of such 
a sand [)ile is usually 6-10 times its diameter. Hand is also usiul as 
a bedding for concrete pik^s, beams, etc. 

The sand used for foundations should havi^ the same propiTties 
as the sand used for bedding roads, except that a somewhat coarser 
sand may be employi'd for foundations. The princi])al properti(‘s 
ri'tpiired are : (a) the sand should be angular so as to pack widl 
together, (6) it should b(^ dean and free from loam or clay which 
may, in time, b(‘ washed out and so cause the building to sink, 
and (c) it should be dry, as wi^t sand has a gn^ater volume than 
dry sand and would, later, tend to causes sinking. For furthi^r 
information, see pp. 71-72. 

The safe bearing load of a foundation consisting of compact 
dry sand, well ceimmted and confined, is 4 tons per sq. ft. A 
natural bed of clean dry sand will siqiport 2-4 tons per sq. ft. 

Bituminous Fabrics are frctqui'ntly treated with sand to improve 
their durability and app(‘arancc. Surfaci^ coatings of sand are 
frequently applied to roofing and floor felts — usually by sprinkling 
the hot felt with sand and then applying a roller. The sands for 
this purpose are of three kinds : dust, medium sand, and coarse 
sand. Jk chemical composition of the sand is not of great import- 
ance, siliceous sands, kies%lguhr or infusorial earth, ground lime- 
stone, or other similar materials all being used for this purpose. 
The medium and coarse sands are sometimes replac^ed by crushed 
red or green slate, or other coloured roi^k, sand which has been 
artificially coloured, or crushed bricks, tiles, marble, felspar, granite, 
sea-shells, or slag. The. sand should be quite clean, as any foreign 
matter present reduces its adhesion to the bitumen or other material 
on the felt or fabric. 

The shape, of the sand grains is preferably angular, as sharp 
grains adhere more readily to the felt than rounded ones, thougri 
the latter are sometimes used for decorative effents. 

The size oj the grains of sand depends on the use to which it 



. 74 SUNDRY USES OF SANDS IN BUILDINa 

in' to be put. The dust used for preventing the fabwfc sticking 
whdn it is rolled should not Icavci more than 5-2/5 per cent of residue 
on ap 80- or 100-mosh sieve. The grains of medium and coarse 
sand may .bp of any (*onveni(^nt size, according to the effect desired. 
A uniformly siz(>d sand is desirable for decorative effect^, and line 
material should then be avoided, as far as possible, as it also prevents 
th(i adhesion of the larger ])artieles. 

Moulded Articles such as insulator^ arc^ sometimes madc^ of a 
mixture of sand and bituminous material. For this purpose, 
silica, kieselguhr, slate, or lim(\stone may be used, the principal 
prop(*rti(*s dt‘sired being ; {a) cleanness to facilitate the adhesion 
of the binder, (h) linene.ss in accordance; with the size of the articles 
made, (r) proper grading (p. 85), and (d) angularity sufficiently 
marked to enable strong arti(;les to be produced. 

Preparation and Tests.- The methods usi'd in the ])r(‘paration 
of sands for various purposes in building construction and th(‘ir 
testing depend entirely on the purposes for which they arc' to be 
used. Sands for foundations and bedding are pre])ared and tc'sted 
as immtioiK'd in Chapter l\^ 

Sands for oinaimudal pur|)os(‘s riapiire to be testc'd in the 
particular dire(;tion in which ornaimmtation is desiied, i.e. for 
uniformity of (colour, grain siz(‘ (1. 24b), cleanness (T. 244), shape of 
grains (1. 241 ), etc. The chemical compo.sition as shown by chemical 
analysis juay also be important in certain (*as(‘s. 
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THE USE OF SANDS IN METALLURGY 

Sands are us(‘(l in the nielalliirgieal industries for various purposes, 
the chi(‘f of which are : 

(i.) As sources of various metals. 

(ii.) For moulding metals in the production of castings. 

(iii.) For lining m(‘tallurgical furnaces. 

(iv.) For use in snadting and ndining various metals. 

(v.) h'or use in welding metals. 

(vi.) For (‘lunnelling metals. 

Sands as a Sourck of Mktals 

Various metalliferous sands are im])ortant as a source from 
whi(ih certain metals can be ohtainerl. Thus, auriferous and 
argentiferous sands and other placer sands (1. Kill) provide' a con- 
siderable* |)roportie)n e)f the world’s supply of golel, silve-r, platinum, 
and other i)recious metals. rre)n-bearing or highly ferruginous 
sands (1. 122) are* worked fe)r the sake of the metaliic iron which 
etan be produced fre)m them. Alonazite, zircon, and othe^r sanels 
yield yttrium, zircemium, ex*rium, thorium, lanthanum, i*te\ 

The distributiejTi and charaederistie^ pre)perties of the*se sands 
liave been described in Ve)l. I. (dia])ter 111. and the methods used 
for obtaining tliem in Vol. 1. Phapteu' Ml., the^ me'theids e)f j)re^- 
])aring theun, including tife separatieui e)r ce)ne*entratie)n of the^ 
valuable metallic compounels, have be'en describeel in \'ol. I. 
Chapter TX., and the subsequent treatment of the higlily con- 
centrated or(*s (*.v(*ntually obtained from tin* sands is bt;yond the 
scope of this volume ; information th(W(M)n should bo sought in 
books dealing with the smelting of thc^ resp(*ctivo metals. 

Moulding Sands 

The uses of sands of various kinds in casting metals and alloys 
are both numerous and important, and manyiof the difficulties 
experienced in^ using them for this purposes are primarily due to 
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lack of knowledge of some of the properties of the s^nds and of 
the; best methods of selecting and tr(*ating these materials. 

* Moulding sands may be used in several different ways ; for 
instance, very large castings are usually mad(^ by (excavating a 
pit of ample size in the* floor of the foundry — whicli if^ composed 
of sand and must (‘xtend to a greater deptli than any casting likely 
to be required. In the cavity thus pnqiared the mould is formed 
by packing sand around a woodc'ii p(||ttern, su])f)()rts being given, 
wli(;n necessary, by brickwork or by other simple imviris. Smaller 
castings may l)o made in the floor, but more usually cast-iron 
boxes are ernployc'd for containing the sand. P'or hollow castings, 
one or more internal ])iec(‘s or “ cores ’’ an^ ])laced in the mould ; 
these cores must at l(‘ast be (*overed with a suitable sand and are 
frequently made wholly of a sandy malcTial. 

The various methods of moulding may all b(‘ arranged in two 
groups : 

1. 0'pen-m7ul fnouhiimj, in which th(' [)attern is impnvssed in 
the sand forming part of thi^ door of th.(‘ foundry or in sand in 
open boxes or trays, the metal Ixang pour(‘d into the impression 
or mould thus macle. 

2. Close moulding y in whi(di the mould is made in two or more 
parts forming a hollow' int<‘rior (orresponding to the? pattern and 
to the shape which it is desir(‘d the casting should possc’ss. The 
consideration (ff which type of mould is Ix'st for a given pur})ose, 
and of the vents, pc'gs, and other details of construction necessary 
to secure a good (!asting, are beyond the sco[)(‘ of this volume. 

Three terms largely used in foundry work need brief explanation ; 
they are : 

(a) Creen sand moulding, in which a raw' sand in its natural, 
undried, or “ green ” state is used. Green sand moulding is gener- 
ally employecl for malleabh' and chilled iron, steel, and small brass 
and bronze castings, 

(b) Dry sand, moulding, in whidi tin; mould is made of damp 

sand, but is dried before use. Dry sand moulding is used for large 
castings of all kinds and for many small on(‘s, as tliere is h^ss risk 
of accident and b(!tter castings are more easily obtained. C.^ores 
are usually made by this method. ^ « 

(c) Loam mouldimj, in which no pattern is used, the sand being 
shaped by hand to the desired form. 8ucli a mould can only be 
used once, so that it is only employed w here many duplicate castings 
are not required, or where there is no objt'ction to rough castings, 
as in the production of pig iron. The chief disadvantag(\s of this 
method are the amount of labour involved in preparing the casting 
bed and the adhesion of the sand to the castings. 

Materials used as Moulding Sands. — The principal materials 
are siliceous sands, varying from those consisting of almost pure 
silica to loams containing up to 40 percent of clay or analogous 
material. 

Moulding sands arc described as “ strong ” whe*. they contain 
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a considei^ble proportion of clayey matter, and as “ mild ” dr 
“ lean ” when they are almost devoid of this material. They -are 
described as “ high silica sands and sands with natural boryl ’ ' 
the former are very mild and consist of almost pure {?ilica, the 
latter are strong and contain a considerable proportion of clay 
or ferrugihous material whicli forms the bond or agent which 
unites the particles of sand together. The “ high silica ” sands 
r(‘(iuire an artifiinal or added bond in ord(‘r that they may have 
the necessary plasticity and *coh(‘sion . 

They are commonly known by the following names, which 
indicate the spe(;ial purposes for which thi'y an' usi'd : 

Green Sands are sands which are used in their natural state 
and contain a certain proportion of moisture. The name has no 
reference to their colour and must not bi^ confused mth the 
‘‘ (Ireensands ” obtaiiu'd from a certain geological formation (1, IIS). 

Dry Sands an' misnamed, as the moidds are made of damp saml, 
but are dried before use. 

Loam is a natural or artificial mixtun' of clay and sand which 
is used for moulding large eastings, pig iron, etc., usually by open 
sand moulding. Three kinds of loam are used : 

{a) Building loam, consisting of blaidv sand mixed witli clay- 
wat(?r to give it the neci'ssary binding power. 

(6) Coating loam, which consists of a sharp sand mixed with 
clay, sawdust, and water. 

(c) Finishing loam, which consists of tine particles separated 
by senM^ning from the coating loam. 

The characteristics of thesis various kinds of loam are described 
under their properties, such as chemical composition, etc. 

Backing', Floor, or Black Sand is that which const it uti's the bulk 
of the mould and acts as a support for th(5 “ facing ’’ sand, which 
comes in contact with the molten metal ; it gives rigidity and 
solidity to the Tnould and forms a porous backing through which 
the gases trapped between th(^ face of the mould and the molten 
metal are able to escape. When a (-asting has been cornph'ted 
and the metal removed, th(^ sand which formed the mould is removed 
(thus destroying the mould) and is put into the general sand-pile 
for use as^backing sand. This practice is not altogi'ther desirabh^, 
as some of the used sand i^ often burnt by contact with the molten 
metal and also on account of its containing coal dust, so that the 
sand gradually grows weaker with use. (See also p. 119.) 

Facing Sands are used for giving a smooth face to the mould. 
This sand comes into contai^t with the pattern and also with the 
molten metal when the latter is poured into the mould. Other 
substances used for the same purpose, but applied later to the 
face of the mould, sold under various names. 

The only facing matc^rials other than sand which can be classed 
as sand are kieselguhr, brick -dust, and silica flour. The non-sandy 
facings include (diina clay, firc(;lay, brick -dust ,» broken crucibles, 
talc, graphite JJplumbago), “ compo,’’ siftings, coal, coke, charcoal, 
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cinders, sawdust, dung, etc. Tlujy are somctimcH(»f known as 
blackimjs. 

^ilica flour, mnd-duM, and kieseUjnhr are used on account of 
tlwnr refractoriness, silica flour being th(^ ?nost useful Avh(‘n casting 
steel ; all three materials are employed in dry, greep sand and 
loam moulding. In green sand moulding, the finely ground material 
is applied through a porous canvas bag to the surface of the mould, 
tin; surface; being afterwards smoothed by means of a trowel or 
“ sleeker,” or the powder is applied with a camel-hair brush. In 
some cases, the pattern is replaced in the mould and pressed so 
as to produce a uniform facing. 

In loam and d!*y sand moulding the powdtT is made into a 
liquid slip with water and a little dextrin or Hour, applied by means 
of a brush. 

The silica flour is sometimes mixed with graphite or tab;. 

The cliief difflcidties connected with the use of silica flour or 
other finely powdered silica are tliat it buids to fill the ])ores in 
the surface of the mould, wdiich may cause scabbing and “ Inirning 
on ” where v(;ry high (;asting temperatures are employed For 
such purpos(;S carbon is better. Finely ground silicui may also 
cause trouble on account of the transformation from the high 
specific gravity form to the low' specific gra^ity form when the 
silica is lieated by the metal to a high temp(Tature. 

i^iliceous fiinter, mixed with a suitable quantity of dextrin 
solution as a binding agent, is sometimes us(;d instead of silica 
flour. 

Brick-dust in a very finely divided state is used in the satno Avay 
as silica flour. Where a highly redraetory fa(;ing is recpiired, 
fire-brick dust must be used, but for brass, etc., common brick- 
dust will serve. It may be used either dry or in the form of a slip. 
The addition of a veg(;table binder is usually necessary to give 
it tlie required adhc'sivcness. The fire-brick (lust is also us(;d in 
combination with other materials such as graphite. 

Blackimjs an; similar to “ facings,” but are chiefly composed 
of some forju of carbon such as graphite, plumbago, coke dust, 
charcoal, or other carbonaceous matter. These materials are 
valuable, as, whcui heated by the metal, tliey liberate gas(;s which 
form a film betw^een the mould and fhe metal and prevent the 
latter from damaging the mould. The term blacking ” is also 
applied generally to all facings which are used in liquid form. 
Although some “ blackings ” contain silica flour, brick-dust, or 
other .siliceous substances, their e.ssential constituent is of a carbon- 
aceous character as stated above. 

The essential properties of facings and blackings are great 
fineness and sufficient refractoriness to withstand the high tempera- 
tures to which they are exposed when the metal is being cast. 

Parting Sand is used to separate the various portions of the 
mould where thei shaiJe is complicated, and a mould consisting 
of two or more parts is necessary. The material usiially employed 
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for this purpose is an old facing sjind, the grains of wliich ha\\‘ 
been roundtid and have lost all th(>ir binding ])()we!’, but any sli^ti p 
lino sand wliieh is suflieiently refractory may be used. A tine., 
highly siliceous sand or the finest |)()i‘tion of sift(‘d burnt ^lioor* 
sand or fire-brick dust is usually (;mj)loy«jd. l^ii ting powd(‘rs are 
also applu^l to the ])abterns so as to permit the latter to be with- 
drawn from the mould Avithout damaging it. They may consist 
of a mixture of fine sand, brick-dust, or kieselguhr, Avith a littk^ 
oil — pref(U‘ably paraffin — to inak(? it re[)ell(“nt to w atcT. 

Core Sands are those us(‘d to form eor(‘s Avhich determine the 
shape of th(‘ interior surfaces of hollow castings. They arc^ ifHpiired 
to Avithstand A^ry severe conditions, as they are often almost Avholly 
surrounded by molten nudal. 

Compo” (an abbreviation of “ composition ") is a ])reparation 
used in moulding large eastings, Avhich g<‘nerally consists of a mixtures 
of fireclay and silica rock (preferably ganister) ground tog(‘th(‘r Avith 
Avater so as to form a moderately soft ])aste. Brokem ])lumbago- 
or fireclay -crucibles, coke, coal-dust, charcoal, and blackk'ad 
(jdumbago or graphite^, are also inclmh'd in some compos. 

The rocky part of the mixture must be of a ])()roiis eharactiu’, 
but th(5 clay or othei* binder should be finely ground so as to develo}) 
its binding poA\(;r to th(^ fullest extent. Soiiie foundry ])roj)rietors 
purchase the conpjos ready-made; th(\v would usually find it 
both cheajX'r and better to purchase^ the raw materials and them 
mix and grind them in a building adjacent to the. foundry. An 
edge-runner mill Avith a solid revolving pan is all that is needed, 
th(? roughly crushed ganister or other silica rock, fireclay, and water 
In suitabk^ proportions ])eing “ ground " in the mill for about 
tAventy minutes. Koundrymen (liff(‘r gn'atly in the proportions 
of non-]3lastic material and fireclay they })refer in tlu* (jompo ; 
some obtain th(i best results with a 2 ; 1 mixture, Avhilst others 
prefer a 4 : 1 mixture. The pro]>ortions of the other ingredi(uits, 
when used, are e({ually variable. 

Properties ol Moulding Sands. Although the uses of mouhling 
sands are so numerous and the pro|)erti(‘s th(\y are requin'd to 
possess vary so greatly wlien the sands are used for different 
purposes, they have certain projAcrties in common, so that it 
appears nibre desirabh^ tc* consider all the sands together wlien 
dealing with any specific property rather than to attempt to d(‘al 
with all the properties of each separate kind of sand. A reference 
to the index will enable the reader to ascertain ra^iidly what 
projierties any particular kind of moulding .sand should possess. 

The colour of a moulding sand is not usually of any great 
importance, though in some cases it is very useful as an indication 
of its nature and purity. The colour varies from almost pure 
Avhite, in the case of pure silica sands or crushed roc^ks, through 
various shades of yellow and brown to a deep red colour, the tint 
being due to the presence of a variable propor|ion of iron oxide 
and carbonaceous matter. The depth of the colour is to some 
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Extent an indication of the iron content, though it is by no means 
an accurate test. Certain well-known sands are characterised by 
their special colour, e.g. the famous yellow Erith sands and the 
red sands of Mansfield, Worksop, and Kidderminster. 

Refractoriness. — A moulding sand must be sulliciently refractory 
to withstand the action of the molten metal with which it comes 
into contact. The extent of the refractoriness needed depends 
on the metal to be cast, the temperature at which it melts, and the 
duration of the contact. Metals such as lead, brass, bronze, etc., 
are cast at much lower temperatures than iron and steel, so that 
the sand need not be so refractory for the former as for the latter. 
Iron does not require so refractory a sand as does steel. On the 
other hand, a high refractoriness is specially important in large 
and heavy castings, where the heat is conducted away much more 
slowly than when light or thin castings are made. 

Tlie greatest refractoriness is required in (listing large ])ieces of 
steel, as this material is poured at v(‘ry high temperatures (between 
1520° and 1600° C. when the metal reaches the mould) which 
approach the softening point of silica and are far higher than the 
fusing points of the chief impuritkis found in moulding sands, 
mth the result that unless a very good refractory sand is used it 
is liable to fuse and adhere to the rnc'tal. This defect is called 
“ burning on.” It occurs most frequently when ciisting st(‘el from 
converters, as in these the metal is raised to a higher temperature 
than in other furnaces, and consequently is more liable to fuse the 
surface of the sand in the mould. Steel melted in an eh'ctric 
furnace does not burn quite so readily as that from a converter, 
whilst the steel from an open-hearth furnace is still less likely to 
cause trouble in this direction. ” Burning on ” is v('ry common 
where the sand is greatly compressed, as in th(‘ (^closed parts of 
the cores, so that the heat, not being able to escape, causes a partial 
fusion of the sand and makes it adhere to the surfa(^(^ of the metal. 
For this reason, only highly refractory sands should be used for 
cores. As “ burning on ” is almost wholly due to the partial 
fusion of the grains of sand, the best means of preventing it is to 
use a facing sand which is sufficiently refractory to resist the heat 
of the metal. 

“ Scabbing ” is also attributed by'some foundryrnen to lack 
of heat-resistance in the sand, but whilst it may, on rare occasions, 
be due to this, the chief cause of scabbing is faulty ramming when 
making the mould. 

The average temperatures to be \^dthstood by different moulding 
sands are given in Table XXXII. 

The refractoriness of a sand depends on the proportion and 
nature of the substances other than silica in the sand (see 
Chemical Comjnmtion, p. 85). The most refractory constituent 
of a moulding sand is pure quartz, which does not show signs of 
fusion, when pure»at temperatures below 1700° 0. It is impossible, 
however, to use a sand consisting entirely of quartz grains, as it 
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Tablk XXXII. Casttnh Tkmpkuaturks 


Sand for (‘astinj:. 

.Maxiiiiiiiii IVniporatiirt! 
atfainrd. 


r 

Brass 

c. 

Iron ... 

1510 (\ 

Sfuul . * . 

1580^-1050'^ (’. 





lacks binding power and would not ])roduc(‘ a si'rviceabU' niould, 
so that a variable proportion of substanei's which l•(‘dllce th(> 
ref raid oriness niiist inevitably be present ; this should, howi'ver, 
be as small as possibh^ consistent with the production of a gooil 
niould which will produce ai'curately shaped, chain castings. 

Almost all minerals, other than silica, which occur in sands 
decrease th(‘ refractorim'ss, and ar(‘, to that I'Xtent, undesirabha 
although it may b(‘ necessary to oviTlook th(‘ naluction in h(‘at- 
resistance because of some other good (piality which a sand 
possesses. 

Th(‘ effect of heat in converting ipiartz into otliiu* forms of 
silica, such as tridymite and cristobalite (1. 22()), may hav(‘ some 
influence on th(‘ ])roduction of “ burning on ' and scabbing.” 
but as this conviu’sion is an inherent proju'rty of the silica it cannot 
b(^ avoided. The extiait of the conversion which in most cas(‘s 
must be slight — depends on th(‘ size of th(‘ partich's. 

As large ])articles of silica ri‘(juir(^ a longer time for the heat 
to ])enetratc them than is needed by smaller })articles, the ridractori- 
ness of a sand appears also to depend on the sizi^ and shapi^ of 
the particles of which the sand is compos(*d (T. 220). The finely 
[lowdered material used for ” facing " mouhls should consist of 
almost pure silica in order that it may be suffici(Mdl>’ rcfractor\' 
to withstand tlii' high tenifierature of the freshly pouri^d midal. 
lieat pemdrates a large pi(‘ee of ((uartz very slowly, but a minute 
particle of silica flour is rapidly raisinl to a high temperature. 
Hence, the smaller the jiarticles the gr(‘a.ter is the necessity of 
using only tliosi* having a high refraetorim*.ss. 

Porosity and Permeability. — These terms an' fn'qiu'ntly misused 
with reference to moulding sands. Tlu' term poromiy is applied 
to the ri'lativi' volu nu* of the ] lores or interstices between the solid 
particles, whilst the term permeahiiity n'lales to tlu? (*xtent to which 
gases can pass through tlu' material. Thi' distinction is im]iortant, 
as a sand may have a high percentage ])orosity but a low ])er- 
meability, and all sands of high permealiility are not highly ])orous. 
The porosity is measured by the amount of w ater which is required 
to occupy the interstices or voids in the sand ; tlu* pi'rmeability 
is nuiasured by the rate at which water or a suitable gas will jiass 
through the sand. 

VOL. IT * 


a 
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Permeability is of much greater importance than 4 )orosity in 
moulding sands, though the latter, being readily deSiermined, is 
oft(?n (erroneously) assumed to be proportional to the former. 

With respect to porosity ^ sands are (biassed as “ open ” or 
“ close,'' the former having a greater porosity than the latter. 

The porosity of a moulding sand is di^piMident on varfous factors, 
including 

1. The size of the grains of sand (p. 105). 

2. The shape of the grains (p. 104)f. 

3. The grading of the sand, i.e. the relative proportions of 
grains of different sizes (p. 105). 

4. The proportion of impervious material, such as clay, whi(;h 
is present (p. 94). 

5. The dryness of the sand (p. 100). 

The permeability of a moulding sand is most important, as 
when molten metal is jujured into the mould any air which becomes 
trapped between the metal and the face of th(‘ mould may cause 
a defect in the casting, so that some means for pt;rmitting it to 
escape must be provided. As the gases cannot escape through the 
molten nu^tal, they must pass through the mould itself, and there- 
fore the latter must be sufficiently [KUineable to allow the gases 
to pass through it at a sufficiently rayud rate to jnevent any damage 
to th(^ casting. Oases an^ also occluded from the molten metal, 
and, if a green sand mould is used, some steam is also liberated 
as the moisture in the moidd is evaporati^d. These gases and 
vapours must be able to escape rayiidly through th(> pores in the 
mould. The scabs or wart-like ])rojeetions sometimes seen on the 
surface of castings are due to air or other gas(‘s being trapped 
between the metal and the mould. 

A sand should be as pin-meable as ])ossible, so that th(^ gases 
and steam generated may n'adily and rapiflly escape without 
damage to the surface of the casting : but c‘xc(‘ssive porosity is 
undesirable, as thi^ molten metal would tluai timd to penetrate 
into the mould and so give the casting an irregular surface, to 
which a large proportion of sand would adhere very tenaciously. 

A sand with a low porosity and high permeability usually 
contains a lai'ge number of very minute interstices between the 
particles, whilst a sand having high' porosity as well as high 
permeability probably contains a smaller number of much larger 
pores. 

As gases can pass through much smaller a[)ertures than liquids, 
the best moulding sands, when in us(% have a sufficient number 
of pores each large enough to enable the gases to escape, but not 
so large as to enable the metal to penetrate below the surface 
of the mould. The permeability of a mould depends chiefly upon 

1. The shape of the particles (p. 104). 

2. The size of the particles (p. 105). 

3. The amount of bond present (p. 92). 

4. The amount of moisture present (p. 100). ^ 
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5. The iv,etal to be cast ; a sand is not equally penetrated 
by different metals. Thus, a sand which gives perfectly satisfactc ry 
eastings with iron does not necessarily give equally satisfactf)ry 
results with lead, brass, etc. Brass and souh’^ other metals have 
a “ searching ” action on moulding sarfds which prematurely 
closes the por(‘s in the face of the niould, so that highly refractory 
sands of great permeability an' sometimes nect'ssary in such cases." 

6. The tem|:)erature of caf^ting also has an important influence 
on the permeability of a sand. 

Plasticity.— The plasticity or cohesiveness of the sand is a very 
important property, as upon it depends the extent to which the 
sand can bc^ made into any desirc'd sha})e which it retains after 
the pattern has been removed, and also afU'i* tlu^ molten metal 
has been introduced into the mould. A sand which is deficient 
in cohesion would not |)resei;ve its sharp edges aftei* nMiioving 
tlio patkuTi, and so Avould not giv(^ a (tasting of the corn'ct shape. 
When the molten metal is ])our(‘d into a mould made of a loose 
incoherent sand, ilu' latter would be canied away by the flowing 
of th(^ imdnl and the casting would b(^ spoilt. ('ons(‘(piently, a 
moulding sand must be sufliciently strong to resist the pressure 
of the molten metal, both in its liquid form and during solidifica- 
tion. Th<^ plasti(^ity and cohesion necessary vary according to 
th(‘ n^iture, size, and shape of th(‘ article to be cast. Where the 
sui’faces of the casting arc? flat a highly cohesive sand is not necessary, 
l)ut where an article? with a (?omplex surface is to be ‘east, a sand 
with a much greater binding power is requin?d. 

'^Phe plasticity and cohesion of a moulding sand an? much less 
than those of clay, but n'sc'uible the latter in many respects. They 
depend on 

1. Th(? ])roportion of clav or other binding agents present 
(p.92). 

2. The binding pow(?r of the clay, or otlu'r binding agents 
present (p. 1).*}). 

3. The sizes of the grains of .sand (p. 105). 

4. The shapes of the grains of sand (p. 104). 

5. The chemical composition of the .sand (p. 85), though with 
higlily siliceous sands this is |)f minor importance. 

Sands are t(?rm(?d weak, medium, or strong, a(?cording to their 
plasti(?ity, weak sands being those containing cmly a small quantity 
of clay or other bond and th(?rcfore very deficient in plasticity, 
whilst strong sands are tho.se (?ontaining a larger proportion of 
clay or other bond and which therefore* have a greater plastic-ity. 

Most of the moulding sands in this country an? natural mixtures 
of quartz grains and a bonding matei’ial such as clay or limonitc 
(a complex and probably colloidal hydroxide of iron), and British 
founders usually rely either on obtaining a single sand suitable 
to their requirements or on mixing s(?veral sands so as to obtain 
a product having the desired proj^erties. Only t(? a very limited 
extent are artificially prepared mixtur(?s of sand and clay used 
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in this country ; they arc much more extensively use^ in (lermany 
eend the United States. 

tit is by no means difficult to match any of the well-known 
and highly esteemed moulding sands by using two other sands 
and a suitable clay ; a«d as such artificial mixtures can be relied 
upon to retain a constant com|)ositk)n, no matter wlien they are 
made, they have an obvious advantage over natural sands with 
their Tinavoidable variations in conniosition and properties. The 
only property in a natural sand which cannot 1x5 matched in an 
artificially prepared mixture is the slight j)lasticity due to iron 
compounds, as this cannot, at present, be dupli(;at(5d artificially, 
with the result that artificially ])repared moulding sands produce 
castings with a slightly rougher face than when natural sands are 
used, and the withdrawal of the casting from th(5 mould, or vice 
versa, is not ejuite so eom]>lete. In all 2 )i‘()bability, if more attention 
were [)aid to the use of ferruginous materials in such artificial 
mixtures, this difficulty could be overcome, as the; [)r(xluetion of 
a film of (!oll()idal iron oxide on the partic^les of an iron-free material 
is by no nieans difficult. A rough yet useful test of the plasticity 
and cohesion of a sand is to scpieeze a sample in tlie hand ancl, 
after releasing it, examine whether it shows an imj)ression of the 
fine lines of the skin. If it does so, the sand is ])robably satisfactory, 
but may contain an excess of clay or water. The*. t(‘st should, 
thc^refore, 1x5 r(5peated on mixtur(5s of the sand with various pro- 
jjortions of an almost jnire silica sand. It will then be easy to 
judge whether the moulding sand is improved or harmed by the 
addition of more sand. 

Further infoimation on the plasticity of moulding sands will 
be found under Mineralogical Co7n,]X)sition (j). 90). 

Binding Power, — The term “ binding power ” is sometimes 
apjdied to a sand when referring to its jdasticity ([). 03). This 
is a mistake, as the term “ binding ])ower ” should be restricted 
to the poAvei' possessed by some materials, such as clay, to imite 
with other materials and form a stremg coherent mass. The 
pro 2 )erties known as binding power and plasticity ai'c' by no means 
identical ; some clays, for example, have a high binding power 
but only a moderate plasticity. The binding pow(‘r gf a material 
is best judged by the amount of medium fine sand which can bo 
added to it without the mixture losing its i)roperty of being formed 
into simple sha2X5s, HUC5h as cubes or spheres, which are sufficiently 
cohesive not to be destroyed by gentle handling. 

The precise cause of the binding pow(5r of a moulding sand is 
not fully understood ; it appears to depend chiefly on the relative 
thickness of the colloidal gel, which surrounds the inert particles 
in the clay or other binder (I. 183). Where the coating is relatively 
thick it may be spread as a thinner coat over the added non-plastic 
material, but if the colloidal coating is thin, it cannot be distributed 
over a larger nifrnber of particles without destroying the i)lasticity 
of the mixture. 
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Shrinkage,. — Patterns of castings must always bo made a trifle 
larger than the required dimensions of the easting so as to alhiV 
for the shrinkage of the mould during the drying; but the e#)n- * 
scion tious moulder always (endeavours to produce moulds with 
as little shrinkage as possible. • 

C'onstaney of volume depends chiefly on 

1 . The prof)ortion of clay or other binder in the sand (p. 1)2) ; 
an excess (jf clay ceausces undue sliiinkage. 

2. The size of the grains of sand (p. 105). 

3. The shape of the grains of sand (p. 104). 

4. The proportion of water in tlio sand (p. 100). 

5. The proper preparation of the mould. 

The sinaller the grains of sand, th(‘ lower the propoi’tion of 
binder and water, and the better th(? ramming of the mould, the 
smaller will be the shrinkages, though it can never be wholly 
eliminated, (b’ains of such shape and size that th(\v can rapidly 
be rammed into a dense mass will usually shrink less than those 
which do not admit of such compacting. 

In loam juouiding, it is important to select a loam whi(4i does 
not shrink unduly when dry, and the surface of tlu^ mould must 
not be too friable. 

Surface and Texture. — 1'he sand which comes into contact with 
the molten nu'tal must be of su(‘h a t(*xture (1. 210) as to give a 
casting ^vith a smooth or even surface and to facilitate the removal 
of th(5 moulded article from the sand when cool. 

The surface of a mould (hqKUids chiefly on 

1. The chemical compositicjn of the material forming the face 
of th(i mould, it should be highly siliceous, but must not necessarily 
be a pure sand. 

2. The smallness of the grains of sand (p. 105). 

3. The grading of the sand (p. 105). 

4. The smoothness of the surfacx^ of the face of the mould, 
this being due partly to the sand or other facing material used and 
partly to the skill of the? moulder. 

The smaller the grains of sand and the better the grading (p. 105), 
the smoother can be the face of the? moidd ; the pre.sence of a 
little plastic* clay will also aid in obtaining a smooth finish to the 
mould. A smooth mould will not necessarily yield a smooth 
casting ; on th(5 contrary, if the face is too dense and imiK;r- 
raeable (p. 82), the casting will have a rough facc^ and may Ix) 
badly “ scabbed.” 

When a facing or blacking is ap])lied to finish the surface of 
a mould, it should be composed of th(^ smallest available grains, 
as coarser particles will produce a rough finish. 

Chemical Composition. — Too much reliance must not be placed 
upon the chemical composition of a sand for any particular purpose, 
though it does serve as a useful guide. Thus, sands of widely 
different chemical composition may be used satisfactorily f(ir some 
one purpose, whilst some sands having a similar chemical com- 
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position cannot be used to replace each other. In illustration of 
this H. Ries quotes the following analyses : * 



1. 

2 


4. 

Silica 

6(M2 

70-24 

70-30 

00-00 

Titanic oxide 

014 

0-40 

0-34 

0-70 

Alumina .... 

l()r)4 

1 10-02 

0-30. 

4-50 

Ferric oxide 

4-40 

3-04 

3-18 

1-44 

Lime 

0-4(» 

0-08 

0-44 

0-10 

Magnesia .... 

0-22 

0-00 

0-27 

0-10 

I’otash .... 

2-07 

1-41 

2-10 

trat-e 

Soda 

0:15 

0-74 

1-04 

trace 

Combined water 

4 -DO 

4-10 

2-02 

3 04 

Moisture .... 

4-16 

2-42 

0-74 



Nos. 1 and 2 are very similar in chemical (composition ; yet 
No. I is a coarse-grained gravelly sand, whilst No. 2 is a fairly 
plastic loam. On comparing Nos. 3 and 4, the latter might be 
judged to be the best ; yet it is a brick clay, whilst No. 3 is a good 
moulding sand. In other Avords, th(^ jdiysical ])roperties are often 
as important as the chemical composition, and sometimes they are 
more so. 

Moulding sands are usually siliceous sands composed of particles 
of quartz or other forms of silica together with soim^ clay, oxides 
of iron, lime, magnesia, and sodium and potassium compounds, 
and sometimes a little carbonaceous matter. The proportion of 
silica present varies according to the pur])ose for which the sand 
is to be used. M(;William and Longmuir give the figures shown 
in Table XXXIII. for the silica content of moulding sands for 
various purposes : 


Tahlk XXXI it.— Silica in Mouldinc Sands 


Type of Casting. 

J.iglit 

Brass. 

Light 
Cast Iron. 

MiMlium 
Cast Iron. 

ilravy 
Cast Iron. 

Stoi'l. 

Per cent, silica . 

78-80 

80-82 

82-84 

84-fjf.8 

00-09 


When the temperature of tlie metal is very high, and a very 
refractory sand is required, a highly siliceous sand, containing 
95-99 per cent of silica, should be selected. For metals which can 
be cast at lower tem])eratures a much smaller percentage of silica 
will suffice. 

Sand to be used in moulding steel from a converter must be 
highly resistant to heat and should usually contain about 96 per 
cent of silica. No moulding sand can contain 100 per cent of silica, 
as it would then*»be deficient in binding material and so could not 
be used for moulding. 
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Core san^ls also need to be specially high in silica, as the presence 
of impurities may cause the sand to be hardened during the casting 
and so render its removal diffi(!ult. • * 

The proportion of silica required generally increases with the 
temperaturp of casting, as highly siliceous ^iids an; more refractory 
than those containing a lower proportion of silica. 

As .some of the impurities in sand are silicates, the total silica 
shown by chemical analysis is not an accurate indication of the 
proportion of free silica present. Fels])ar, for example, which is 
frequently present as an impurity in sands, contains about 65 j)er 
cent of silica in combination with ])otash, soda, or lime and alumina. 
Clay — anotlu'r compound of silica and alumina — contains 46-70 per 
cent of silica. H(;nc(;, in considering the propoi tions of silica in a 
sand it is necessary to make an allowance for that })ortion of it 
which may be in combination and is, th(‘r(‘fore, to be ri^garded as 
part of the impuriti(‘s in the .sand. 

The efEect of the vnrious silica compounds sometimes ])r(;sent 
in moulding sands is described in the .section on Mineralofjiml 
Composition (p. 00). 

The .silica is irr(‘gularly di.stributed throughout the sand, the 
larger grains containing a largca* [percentage of silica than the 
small(;r on(;s. Con.sequ(;ntly, if a moulding sand is screened and 
the parti(!l(;s less than 0 002 in. diameter are lemoviMl, the I’esidue 
will usually be richer in silica. In other words, th(; impurities in 
a moulding sand t(*nd to occur chi(‘rty among th(; smaller particles. 

Alumina, when presemt in moukling sand, is chiefly in tlu; form 
of clay, fclsfiar, and mica, though other alumino-silicates are 
sometimes present in very small [proportions. 

The proportion of alumina which, according t(p Longmuir, 
.should be present in moulding sands for various purpo.ses is shown 
in Table XXXIV. 


Table XXXIV. - Ai.umina permissible pm Mouldino Sanip 

CORRESPONDI.VG TO (-LAV (KaOLIN) 


Tyin: of Castliij?. 

> 

• 

Aluiiiiii t, 
per cunt. 

CorrcsiHiiKliiiK to 
eiity (Kaolin), 
por nnit. 

Light brass 

12 

IK) 

Heavy bra.ss and light iron . 

10 

25 

Medium iron 

s 

20 

Heavy iron 

(i 

15 

Steel 


3 


As a general rule, sands with more than 13 t)cr cent of alumina 
should not be used. (Jore sands slupuld be low in alumina, that 
is to say, they should not contain any appreciable amount of clay. 

Where there is any appreciable }proportion ^ felspar or other 
alumino-silicates besides the clay, the proportion of the latter 
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cannot be calculated directly from the percentage of ^alumina, so 
that care must be taken in estimating the pereentagei of clay from 
a chemical analysis. Only the alumina present in the form of clay 
acts as a binding agent ; the other alumina cooipounds an^ de^void 
of binding ])ower. • 

If the aliutiina is in the form of felspar or mica much of it will 
be retained on a 2o0-mesh sieve, but alumina in the form of clay 
will ])ass through the liruist sieves, as the pai’ticlcs of clay are 
extremely small. Hen(;(5, most of the' alumina in tlu^ form of clay 
can n^adil}' be removed by washing the sand, but that in tlu; foJ Mi 
of felspar and mica cannot be se[)arated in any simj)I(? manner, 
lor furtlier information see the section on Mineralogical Cotn- 
positiori (p. 1)0). 

Iron oxides are reported in chemical analyses as ferric; oxide 
(FcoOg), but the pca’centage so shown includes various other iron 
comjjounds. Thc! effect of th(;se is dt;scribed in tlie section on 
M ineratoyiml Composition. As iron oxide is a beneficial im|)m‘iby 
in a moulding sand, a relatively high percentage, is desirable, 
provided that the iron is in a suitable state; of combination. lOven 
in the most refi’actory moulding sands 2-3 pea* cent of iron oxide; 
d(x;s not ap|)ear to be harmful, and fe)r many purpost;s a higher 
percentage; is dessirable. Whilst each e*ase juust be; considered 
separatcl^^ it will usually be found that the total proportion of 
irem, e;xpresscd as fe*i‘ric oxide, shoulel not cxeexal 0 per eaait in a 
moulding sand to be used for e;asting st(‘e;l ; in onv for easting 
other m(;tals, it may sometimes be; as high as 11 or 12 pea* cent* 
as a ferruginous bond has very ele^sirable pre)peatics. Furthea* 
information e)n thc use of iron e*om pounds as bonds will be; found 
in the section on Bomls (f). 1 15). 

Lime de)es not ex;cur in the free state; in memleling sands, but 
is chiefly piese;nt in the form of calcium carbonate (as limestemc 
anel ehalk) and of various e*alcium silicate's, as well as caleaum 
alumino-silicates analogous to and ine-luding lime-felspar ; thc 
most important of the*se* calcium ce)mpoune[s are de*se;ribed in 
Vol. 1. pp. 190-11)3. In casting stc'cl and other metals e)f very high 
melting ])e)int, the memldiiig sand should not contain more; than 
0-5 per cent of lime;, that for casting iron ne)t mem' tlwni 1-5 i)er 
cent of lime, but for existing brass 2*5 pew cent of lime may be 
present ; anel when casting juetals of still le)wer melting ])oint, 
4-0 per cent of lime de)es not appear to be; detrimental. Whilst 
these figures are e)f general applicatiem, sands have; b(;en used 
successfidly ce)ntaining as much as 12 per cent of lime', though 
such sands are; not to be recommended. 

Maynesia eloes not e)ccur as such in moulding sands, but in the 
form of mica and other complex magnesium silicates. As magnesium 
compounels ae*t as fluxes and reduce thc rcfractorine;ss e)f the sand, 
they should be completely abse;nt when possible, anel, at least in 
the better qualities of moulding sand, the total magnesia present 
should not exceed 0*5 per cent (see p. 90). < 
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Alkali es-f-iyoUiHuium and sodium compounds — may bo present 
in moulding sands citluH- as insoluble alumino-silicates, sueb Ms 
felspar, mica, ide. (1. 184), or as soluble chlorides or suli)hates, • 
the latter being conveniently considered undc‘r the term “ soluble' 
salts.’' T1 v 3 total |)('rc(*ntage of potash and soda shown b\’ analysis 
should b(^ as low as possible ])ri'ferably well below 1 ju'r cent, 
as these substances greatly reduces tlu' refractoriness of the sand 
and so tend to cause ” burnint^ on and otlu'r dt'fccts iji th(5 castings. 

The Bunter sands are relativ('ly rich in ])otash, which occurs 
chiefly in the form of fels])ar, but partly as mica, about 15 pt'r cent 
of these two minerals being })r(‘sent in souu' of these sands (see 
Table XXXVi. p. 91). According to Boswell, the best moulding 
sands should contain 0*5 to 9-7 ])er cent of soda and potash, and in 
no ease should more than 1 per cent be prc'sc'iit, if th(^ sands ai'o 
to bo used foi’ casting ste(‘l and other metals of high mc'lting point. 
For iron and most non-feirous nu'tals the ])roportion of alkalies 
])resent is usually^ of minor importanc(\ as the fi'lspar and mica 
in which tlu'v are contained do not begin to fus(^ at any i{un])eratur(5 
Ixilow 1200” C. 

'rhe loss on iijnilion in a dricnl moulding sand is usually so 
small that it need not lu^ considered. Wlu'n it exceeds 1 jxu’ cent 
it indicates the presen('(’! (*ithcr of minerals, such as clay, contain- 
ing the elements of watei* in combination, or of organic matbu’. 
For further information see p]). 90-100. The effect of moisture in 
moulding sands is dis(jusscd on p. lOO latcj-. 

Moisture - Tho moisture in a sand should not cxc(‘<'d about 
5 p(‘r cent, or various difFuadties may arise (s(‘(' Minrralofjical 
Composition, j). 100). 

The “ total imparities ” is sonudimes estimated by a method 
recommended by (.hat(4ier, which consists in lu'ating a weighed 
quantity of th (5 sand with sulphuric and hydrofluoric! acids, and 
weighing the t’(!sidue left aftc'i* gentle calcination. 4 his trc'atment 
removes the silica and converts the metallic oxidc'S into sulphates 
and fluorides. The method alTords only a rough means of estimat- 
ing the imjmrities ])rescnt, because, as the combin(!(l silica has been 
removed, the \\(!ight of tlie residue is l(*ss than that of the total 
impurities.* Nevertheless, the method is us(!ful as a nu'ans of 
controlling the quality of the sand. 

Table XXXV. shows the composition of various natural British 
and foreign moulding sands. SSome of these sands vary considerably 
in com})osition frojii time to time, tlie ])urer ones bi'ing much juore 
constant than tlu' rest. As the analyses are tyi)i(!al, tlie results 
are only shown to one decimal place. 

Additional analyses of these and other British and foreign 
moulding sands are given in Boswell’s Memoirs} 

^ A Memoir on British Resources of Refractory Sands, by. P. (b H. J^o.swoll 
(Taylor & Francis, London), and A Comparison of I^itish and American 
Foundry Practice, by P. G. JI. Boswell (University Press of Liverpool, Ltd., 
Liverpool). 
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Tahle XXXV. — Typical Analyses of Moulding J^ands 



"7. 

Alumina. 

Iron 

o.\ide. 

O 

Magnesia. 

Potash 
and Soda. 

U 

Jl 

rilish 








AufJ[lo.S6Ml .... 

90-4 

0-2 

* 

01 

« 

* 

0-2 

South Cavo rod 

79-7 


8-9 

1-2 

0-3 

0-9 

2-5 

,, yollow . 

9:b0 


1-2 

0 4 

01 

1-5 

0-5 

(■lydo Valley 

88-9 

5-2 

3-4 

14) 

0-9 

0 1 

0-5 

(lloiiboi^ gani.stor 

94-8 

:b2 

0-4 

0-2 

0-2 

0-8 

04 

Shoniold canister 

90-2 

40 

243 

04 

♦ 

04 

2-3 

Aylesbury .... 

98-9 

()-5 

* 

0*2 

01 

* 

04 

Loij»hton Buzzard 

99-4 

0-2 

0-3 

♦ 

* 

* 

04 

Kiu^s Lynn 

98-(> 

()-9 

0-2 

0 1 

♦ 

H( 

0-2 

Charlton .... 

950 

2 -.I 

0-5 

0*2 

He 

11 

0-9 

Bawtrey, near Doncaster 

92-9 

;b() 

14) 

0-3 

0-2 

2 0 

0 4 

Huttons Anibo, Yorks. . 

9G(» 

1-5 

0-3 

01 

0-2 

04) 

0-7 

St. t]rth (Cornish red) 

86-5 

4-5 

2-8 

0-5 

0-5 

34 

1-8 

lOrith 

8<)-8 

545 

2*5 

04 

0-8 

24 

1-5 

Belfast .... 

75-2 

8-:i 

lO 

4-2 

1-3 

44 

5-3 

Birmingham 

790 

11-8 

1-8 

30 

045 

24 

1 -7 

KiddtuTninster . 

85-7 

(3 a 

1-4 

0'7 

0-5 

3-7 

1-7 

Mansfield red 

88-4 

5-1 

1-3 

0-2 

045 

2-8 

145 

Stourbridge rtid 

84*5 

4-7 

54 

0-7 

0-5 

34 

14 

Wolvorhanqiton red 

8(M 

<5-4 

1-2 

0-3 

04 

345 

1-7 

Woolwich (Thames sand) 

9:b8 

:b4 

0-5 

0*2 

Ht 

10 

14 

Workso]) .... 

884) 

t)-8 

04) 

0-2 

0-2 

1-5 

24 

'orc.Uju — 








Belgian rod 

88*4 

4-7 

5-2 

0-2 

04 

0-9 

04 

„ yellow . 

87-5 

51 

31 

0-3 

04 

0-7 

2-9 

Fontainoldeau . 

99-5 

0-2 

♦ 

01 

♦ 

H< 

0-2 

French (rod) 

90*1 

30 

2-5 

(>•2 

0 3 

14 

2-8 

Ottawa (IJ.8..V.) 

99-4 

0-3 

♦ 

01 

0 1 

Hi 

« 

• Indlcak'si that loss than 0-1 per oont i.s pro.sont. 

t Induiliiig carbon <lioxulc. 


Mineralogical Composition.- Numerous miiUTals are privsent in 
moulding sands, but most of them are in such small pro])ortions 
that they may be neglected. The following minerals are, on the 
contrary, of great importance, as the essential and cli^ra(;teristie 
projierties of th(;so sands are largely diuf to them. 

The proportion of some of these minerals may be determined 
by microscopical examination, aided by the use of heavy liquids 
(1. 257) and by the analysis of tlie products obtained by mechanical 
analysis (1. 246), but the more usual course is to calculate the 
mineralogical (!om position from the results of a chemical analysis, 
as described in V\:>1. I. p. 240. 

The calculation of the mineralogical composition is unreliable 
when apphed to sand which has been made into a mould and so 
used, as some of the clay in it will then have been decomposed and 
will have lost its binding properties. Hence, it is always desirable 
to compare the mineralogical composition with those pf a mechanical 
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analysis. 'J'he typical (calculated) luineralogical composition of 
various moulding sands is shown in Table XXX VT. 


Table XXXVl. — Minekalooical (^imposition of Tvi’irAL 
Moulding Sands* 



()uartz. 

Fclspiitldc 

Matter. 

(*Iay.t 

Llmoidtc.S 

British — 





Anglesea 

98-7 

10 


♦ 

South Cave red 

(ifif) 

150 

9-5 

8-9 

„ yellow 

8:13 

12-0 

2-9 

1-2 

(::iyd(5 Valltry .... 

770 

12-5 

7-5 

4 0 

HydoJ 

8()-2 

12-8 

7-0 


(llenboig ganister . 

87-0 

7-5 

5 0 

0-5 

Sheffield ganister . 

8:L8 

5 0 

8-0 

3 0 

Aylesbury .... 

07-0 

1-9 

0-7 


Leighton Ihizzard . 

90 -2 

« 

0-5 

0-3 

Kings Lynn .... 

97-2 

tit; 

2 0 

0-2 

Churl t on 

88*() 

81 

2*3 

OG 

Rawtrey, near Doncaslor 

82-2 

15-0 

0-7 

1-2 

ITuttons /\uiho, Yorkshire . 

92-9 

5-7 

l-l 

0-3 

St. lOrth ((.’oriiish red) . 

(iOl 

27 -5 


3-3 

Krith 

70-4 

22-5 

4-0 

30 

Lrith J 

74- 1 

11-4 

14-5 


Belfast 


33-8 

5-5 

1-9 

Birmingham .... 

rofi 

35-0 

121 

1-8 

Kidderminster 

GO -5 

28-1 

3-3 

10 

Kidderminster + . . • 

790 

13-3 

7-7 


Mansfield hnI .... 

7:l:i 

22-5 

2-7 

1-5 

Mansfield 1 . 

73-4 

22-4 

4-2 


Stourbridge red 

00-7 

27-0 

« 

G-il 

Stourbridge J .... 

GOO 

23-5 

10-5 


Wolverhampton red 

G7’4 

270 

3-7 

1 -4 

Woolwich ('I’hamt^s sand) 

80 '4 

18-8 

♦ 

0-G 

Worksop .... 

75-5 

11-9 

11-7 

0-7 

Worksop t . 

740 

12-9 

12-0 


Foreign — 



7-5 

G-l 

Belgian red .... 

770 

8-3 

„ yellow 

78 -G 

8-7 

9 0 

3-0 

Fontainebleau 

99 1 

0-0 

0-2 

♦ 

French rod 

83'2 

100 

30 

2-9 

(Ottawa (U.S.A.) 

98 5 

1-2 

0-2 

♦ 

Brandehburg + . . • • 

87 -.'I 

2-5 

10-2 


Hanover + . . . . 

8GI 

0-4 

7-5 


American “ average ” ; 
American “ ideal ” i 

0.5-5 

12-7 

21-8 


840 

2-5 

1 ,1 • 5 



* Indicates less than 01 per (rent prusent. . 

t Aasmnctl to liave the composition' — 40 |)er cent silica, 40 ixT cent aiuniina, and 14 iier 
cent water, etc. . . , , « 

t KiKurt's published by Moldenke showing tlic great variations in some clays irom tlie 

§ The whole of the iron compounds are assumed to exist as limonlte (I. 180) and also 
contain 7-4 per cent of calcium carbonate. 


Note. — The percentages of felspathic matter and clay obtained by 
calculation are often far from reliable, os a small difference in the percentage 
of lime, magnesia, or alkalies makes a large difference in the felspathic matter. 
The results of sijch a calculation must thei*efore bo received with caution. 
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As shown in Table XXXVI. the percentages of qu|i.rtz or free 
silica may be as low as 50, or as liigh as 05 per cent. The clay 
<may vary from practically nil to as much as 40 per (sent, whilst the 
fluxes (consisting chiefly of felspar, decomposed and undecomposcsd 
mica, etc.) may vary vevy considerably, as much as 3j) ])er cent 
being present in some moulding sands whiirh give quite satisfactory 
results in the foundry, a?ul the “ limonitc ” varies from nil to 12 
per cent. 

Thei’e is no standard composition foi' moulding sands, and though 
the American “ ideal ” has been stated by Moldenke to be that 
shown in Table XXXVI., rei'cnt investigations by Jioswell show 
wide variations both from the idtuil and the average figures given 
by Moldenke. The moulding sands now in gemual use in the 
United States are more siliceous and contain l(‘ss clay and iron 
oxides than those u.sed in this country ; consequently, they have 
to be “ prc'pared ” by the incorporation of fireclay or oth(‘i* bond 
(p. 115). x\uierican moulding sands with a natuial bond are only 
found in New »Jtusey, but, according to Boswell, these saiuls contain 
much less alumina and iron oxide than the iforresponding Biitish 
sands, and molasses, flour, (hjxtrin, or sonu^ other bond is usually 
added. The mimu'alogical composition of th(^ moulding sands 
used in Great Britain varies so greatly, according to the purposes 
for which they are used, that no average figure would be of any value. 

Turning to the important minerals present in the sands, the 
following obseivations may be made: 

Quartz is the chi(‘f and juost important tnineral 2 )res('nt ; yet 
a sand which consisted of pure quartz would be useless for moulding, 
as it would lack i3lasti(uty and <u3hesion. The percentage of (|uartz 
should therefore be as high as j^ossible, consistent with the (vssential 
jjhysical jDrojierties of tluj sand. The elfect of lh(' size and sliaix) 
of the particles of quartz on the i)ro|)erties of tlu; sand is described 
later. 

Clay is nearly always present in moulding sands and may be 
regarded as a necessary constituent, because it binds together the 
particles of sand and so forms a strong mass which will resist the 
abrasive action of the molten metal. I'or this reason the strength 
of a moulding sand dcjiends chiefly, though not who%, on the 
proportion and nature of the clay j)resent (see p. 1)3). 

Many sands contain naturally sufficient (;lay to render the 
material quite satisfactory for moulding ; thus, loams are sandy 
clays or clayey sands, some of which are among the best moulding 
sands. In some cases an artificial mixture of fireclay and alluvial 
sand is emj^loyed, in others several natural sands are mixed together 
in order to jmiduce a material possessing the desired properties. 
Some sands which are not sufficiently cohesive or plastic are 
improved by the addition of a suitable proportion of water con- 
taining clay in suspension. 

In considering «lhe effect of clay on the moulding i)roperties 
of a sand it is necessary to pay attention to (i.) the pvrity or other- 
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wise of the clay, (ii.) its plasticity, (iii.) its binding ])()wcr, anti 

(iv.) the proportion of clay pn'sent. , 

The composition of the clay is im])ortant, !)ccans(' some impnytics, 
in it may lower the refractoriness of the sand and causi' tlie latttT 
to adhere to the metal, and as most oL the impurities ar(‘ non- 
])lastic they rcdu(‘(^ the binding power of the clay. Apart from 
any iron oxide (ferric oxid(*) which may be a constitiK'nt of the clay, 
the clay present in a moulding sand (no matter whether it is ])resent 
natiiraily or introduced art/Hcially) shouhl he as pure as possible. 
The ])r(‘sence of mor(> than a very small ])(‘rcentag(‘ of soda, ])otash, 
lime, and magnesia is objectionable, as all these substances reduce 
the heat resistance of the sand and teaid to juakt* it. adlu'n^ t(» the 
mental, as well as closing the ])ores in th(‘ mould ami so ])r(*v(*nting 
the normal escape of air and gases. A considcTabk' ]HTcentage 
of very fine silica flour (■‘ rock-dust ”), whiedi occurs in some* clays, 
is also objectionabl(‘, as su(‘h material has no binding ]K)wer (and 
th(‘r(‘fore reduce's tli(‘ binding ])ow(t of the clay) and also increases 
the proj)ortion of und(‘sirably small grains of silica. 

It is soimdimes stated that the clay occurring in or to b(' added 
to a moulding sand should ” not b(‘ tr)o ])ur(‘,’* as it would lacjk 
binding power ; this is a mistake', as the binding powcT is a physical 
property of the clay and has iiothing to do with the impurities 
present* in it. On the contrary, it is ini'nly a coincieh'ncc that 
some of the most ))lastic clays are far from ])nr(‘. Where the clay 
oceairs naturally mixed with the* .sand littk' can be done to cfTect 
its purification, as any treatment which remove's the impurities 
in the clay will also se'parate the> e*lay tri)m the* .sanel. Wh(*n 
artificial mixture's e)f clay anel sanel are> u.se*el a sufficient ly pure 
clay can generally be obtaiiu'el. 

In examining a natural mouleling .sanel it is im|)e)rtant to .s(‘])arate^ 
the clay present by sie;ves (1, 24(i) or e-lutriatiem (1. 252) anel te) 
investigate it thoroughly, as many eh'fe'cts in e-astings whie*h are 
attributed to the*, moulding sanel have' their origin in the clayey 
portiem e)f the sanel (see Artificial Bonds, p. 114). 

The plasticity e)f a clay is ne)t ed gre-at irnportane-e^ as regards 
its usefulne'ss in a moulding sanel, but it is a valuable' indirect 
indication, sine-e' mo.st pla.stic clays ]>os.se'ss a high binding powe'r. 

The Inmlimj power of die^ clay in a me)uleling sanel is probably 
its me)st important characte'ristic, as this property ele*te*rmines the* 
cohesion e)r plasticity of the^ sand as a whole. The* greater the 
binding pejwer of the clay, the smaller will be the pre)j)e)rtion of 
e;lay required in order to produea* a good moulding sanel. The 
binding power of a clav is bc.st eletermineel as de.scribed in 
Vol. I. p. 200. 

When any clay has been tre*ated threiughout to a tem|x*rature 
e)f 500° C. it is decompo.sed anel, e-e)nse*epie'ntly, it.s bineling pe)wer 
is destroyed. No treatment (*ommer -ially ])ractie*able^ can then 
restore the binding powe'r te) the eday. If, e)n tlve contrary, he'ating 
has merely been sufficient to elry the clay, but not to d(;composo 
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ft, or only to decompose it to a small extent, it will regain the 
gr«ater part of its binding power when mixed witli a suitable 
^proportion (usually about 20 per cent) of water. The recovery 
of binding power is reduced as the temperature of 500'’ C. is 
approacluHl, because (4ays decompose at all teraperatjires above 
100° C., and therefore cannot regain the w^hoh; of their binding 
power ; after heating for a sufficient tirne to 500° (1 or above, 
however, none of this power can b(; restored. The fact that any 
restoration whatever is possible is du6 solely to some of th(> clay 
not having been decomposed by the heat. This is a result of 
the very low heat conductivity of clay and sand, which prevents 
the clay from being decomposed very rapidly, (‘xcept at very high 
temperatures. 

The decomposition of the clay when heated is also increased 
by the presence of lime, magnesia, [lotash, and soda, and by using 
some of their compounds which combine with the clay, forming 
non-plastic alumino-silicates. This is one reason why a moulding 
sand should be as fn'c as possible frofn such llux('s. 

The of clay permissible in a moulding sand varies 

with the binding power of the clay and the nature of tli(‘ metal 
to be cast, so that no very di^finitt^ figure cari be given. As the 
only purpose of the clay is to bind th(‘ i)articles of sand togc'ther 
sufficiently well to give the mould the desinni strength, any 
additional clay is objectionable ; it is not merely useh'ss, it reduces 
the p(Tmeabiiity of the mould and so tends to cause cracks, and 
in the case of cores it hardens the sand so much as to make the 
removal of the con^s very difficailt, as they do not break readily. 
Clay also increase’s tht^ shrinkage of tlu’ moulds and so tends to 
produce distorte'd or undersized castings. Conserpiently the 
proportion of (day present in or addc’d to the sand should be as 
low as possible, consistent with the production of the requisite 
cohesion or plasticity of the sand. The exact properties can only 
be found by trial (see tlu; test for binding power of a moulding 
sand in Vol. 1. p. 2G(i. 

The proportion of clay in natural moulding sands varies accord- 
ing to their formation, the finer sands usually containing more 
clay than the coarser ones. Much of the clay can b(; rc^noved by 
separating the smaller particles by rnearts of a sieve, though there 
is always some risk of spoiling the sand by taking out too large 
a proportion of the clay. The proportion of clay required in a 
moulding sand d(;pcnds very largely on the surface’ area of the 
sand, i.e. on the total area of the surface of all the individual grains 
(I. 211). This is important, because the clay should, theoretically, 
cover each grain of sand with a film of just sufficient tliickness 
to enable other grains to adhere to it. Consequently, if the same 
proportion of clay is present in two sands, one of which consists 
of very large grains, and so has a small surface area, whilst the 
other consists of veiry small grains, and. so has a large surface area, 
the sands will behave quite differently. Tlie finer sa^d will require 



•CLAY IN MOULDING SANDS 95 

I . T 

the addition of more clay in order that it may bo as “ strong " 
as the coarser sand. Alternatively, if a sufficient quantity of cl^y 
is present in the finer sand, the coarser one will contain an exi^'css 
of clay. In other words, with a definite amount of bond present 
in a sand, the coarser the grains the stiionger will be the bond 
within ordinary limits ; in an exceptionally coarsen sand the reduced 
con tacit area between the particles produces larger s])ac(‘s bc'twcM'ii 
the grains, and consequently enough additional clay to fill these 
voids is required. 

The amount of clay or bond divided by the surface' arc'a c^f the 
sand gives a useful figure for comparing sands ; it is termed the 
“ bemd demsity ” and, according to Hanlc'v and Simonds, is a more 
rc'liable guide to the relative strc'ngth of sands than any other 
single property possessed by them. 

The proportions of clay permissible in various lands of moulding 
sands are roughly as follows : For light castings, a sand containing 
only a small proportion of clay should be used, but for heavier 
castings the proportion of clay present should be great c‘r, as heavy 
castings requires a stronger sand. Sands ust'd for dry sand work 
must usually contain a greater pro])ortion of clay than thosc^ usc'd 
for greem sand moulds, so as to allow the sand aftc'r drying to bc' 
firm and stable. 

Floor or backiwj mndi^ recpiirc* a moderate |)rof)ortion of clay 
in their com])osition, as they must bc* fairly strong ; an c'xcess, 
however, is undesirable, as such sands must be* sufficlc'ntly pc‘i*mc'ablc? 
to allow thci air and gases to pass freely through the mould. The 
average proportion of clay which gives the best results in a floor 
sand is about 0 pc'r cent ; largc'r proportions are usc'd where* a more 
adhesive material is required, though an organic* bindc'r is then 
oftc'ii addc*d instcmcl of more clay, as such a binclcT cloc‘s not hardc*n 
the mould when in use. Sands used for loam moulding without 
a pattern should cujntain a moderate projiortion of clay, but an 
(excess must be avoided or the sand will contract unduly and will 
not be sufficiently porous. More eday is rc*quirc*cl than in sand for 
box-moulding, as the loam must be* hard enough to be rubbed 
gently whilst in the* dry state without being too friable. A good 
test for a loam is that, when dried in an oven, it should bake hard 
and strong ’and not show b^idiie shrinkage. A useful composition 
is 60 per cent of quartz and 40 pc*r c*c‘nt of grains less than 0-007 in. 
diameter, containing the silt, clay, and fluxes. The face of the 
mould should usually (contain a high proportion of sand so as to 
resist the intense heat of thc^ molten metal. 

The high percentage of clay in many loams cIosc*s the pores 
of the material and makes it unsuitable for moulding purposes, 
unless certain other materials such as sawdust, horse-dung, straw- 
chaff, plasterer’s hair, bran, or choppc'd tow are added to form 
channels which allow the free escape of the* air and gases gc*ru*rated 
at the time of casting. Good natural loams^i are not usually 
abundant, so that it is generally nc'c^essary to make them artificially. 
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For the siliceous part of artificial loams, river sand or crushed 
Sfyid-rocks an^ very satisfactory, sea sand being soirfetimes used, 
, though it is h‘ss (lesirable, as it tends to introduce* soluble salts 
into the inaLu’ial. In gc'neral, about 1 part of clay is used to 
4-(i parts of sand. Thcgtictual properties of sand and clay in loams 
for nu^tal casting vary considerably and are mostly Vegarded as 
secrets. Eadi foundry man has certain mixtures of loam anti sand 
which he prefers to all others, anti, in some cases, he compounds 
his own loams by luixingclay and sana' in the requisite proportions, 
with or without the addition of horse-dung, etc. 

Core sarujfi should not (;ontain mtirc* (Hay than is absolutely 
(\ssential, as the temperature to which they are luxated is very 
great and the day becomes baked and hard, making the cores 
very difficult to remove*. 

Haw clay is imdesirable in partimj mnds, as tlui presence in 
them of a binder is not only unnecessary but harmful, and may 
cause th(^ v’^arious proportions of tlu^ mould to adh(*r(* ifiste'ad of 
keeping them s(q)arate. A parting sand should consist wholly 
of small non -plastic particles of sand, but a little clay vvhicli lias 
been thoroughly burned (p. tKl) will do no harm, as it has lost 
its plasticity. Parting sands usually consist (*ith(‘r of a clean sea 
or river sand containing no ajipreciabh* amount of clay, burnt sand, 
in whi(ih all the* day has been harch'tied and render(*d non-jilastic, 
brick-dust, which consists of burnt day, or cimh'i’-dust. 

Old or iiml sands are deficient hi binding power on account 
of som(> of the day originally prest*nt having been d('composed 
by the heated metal when in us(*. Such sands may, in some cases, 
be “ restored ” by scre(*ning and them mixing tluun with a sufficient 
proportion of n(‘w strong sand {i.e. oik^ containing an excess of day) 
or with a litth^ ham day ; the plasticity, coh(>siveiiess, and strength 
of the product will depend on the amount of unde(*omposed day 
left in the used sand. Many facing sands usi'd in foundries consist 
of 25 to 75 per cent of old sand mixcal with new strong sand. New 
sand is pref(?rable foT* brass and all non-ferrous alloys, 1-2 parts 
of pea- or b(‘an-meal or flour being mixed with each bushel of sand. 

In addition to thc^ use of clay in sands as a binding material, 
burned day in the form of old lire-bricks and crucibles is sometimes 
added as an opening material, and also io secure a highly n^fraetory 
sand. This is especially the case in the “ (/ompos ” used as facing 
sands in casting ste(d (see p. 70). 

Fluxing Minerals or Fluxes are those which combine with silica 
or any other constituents in the sand and form fusibh^ compounds, 
some of which melt when the molten metal is in the mould, 'rhis 
is very objectionable, as the fused material may adhere to the metal 
(see burning on,” p. 80) or it may flow and fill some of the pores 
in the sand, and by preventing the propi^r escape of the air and 
gases, it may cause ” scabs " (p. 80) and othei’ defects. When 
a sand containing partially fused material is allowed to cool, it 
will be found to contain hard masses of mattu’ial which cannot 
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be used as sand unless they arc re-ground. Even after such treat- 
ment the re-hse of such sand is undesirable, as the proportion of 
fusible material increases and in a short time the sand is rende^d 
quite useless. 

The effect of fluxes on any given moiiiding sand dcptuids on 
the conditions imder which the sand is used. Thus (a) if the 
temperature attained is below that at which the flux forms a fused 
compound, little or no harm will be dom^ ; but once fusion occurs, 
the defects previously mentioiled may be produc(‘(l. Consequently, 
for metals cast at temperatures above 12(X)° C., the moulding 
sand should l)e as free as possible; from flux(;s and contaiji not more 
than 2-3 per cent of magnesia, lime, potash, and soda ; in the best 
moulding sands, the total proportion of these oxid(‘s will not t;xc(;ed 
1-5 per cent, (b) Tf the proportion of flux is veuy small, its efl(;ets 
may be inappreciable, (c) The; nature of the existing to be produced 
also influences the elfect of a flux. 

When A casting is thin it cools rapidly, and the mould is not 
subjected to a prolonged heating, so that a considiuable proportion 
of fluxes may be present without detriinent, but with heavy castings 
the mould is kept at a high temperature for a considerabh; tirjje, 
and any fluxes pr(;s(;nt are sure to r(;act with the silica and form 
a fused product ; for such castings, therefore, it is ijuportant that 
the proportion of fluxes should be as low as possible. The most 
imjiortant fluxes in moulding sands are soda, potash, lime and 
magnesia and tlu;ir compounds ; thes(; substances ocour chiefly 
in the form of hdsjiar, mica, calcium carbonate (chalk and limestone), 
and various “ soluble salts ” (p. flS). 3^he proportion of fluxes 
naturally present in moulding sands vari(;s considerably, but tlu; 
smaller particles (“ line sands ”) usually (joritain the larger pro- 
portion of fluxt;s, and so should be absent or removed as far as 
possible; when refractory moulding sands are requinxl. 

Limestone, chalk, or other forms of calcium carbonate are 
objectionable in moulding sands if any part of th(;m is likely to be 
raised to a temperature of 750° C., as at this temperature calcium 
carbonate evolv(;s carbon dioxide gas, which gives the casting a 
rough or pitted surface. At still higher tt;m])eratures the r(;sultant 
lime combines with the sand and fuses, forming a V(;ry fluid slag 
which flows into the interstices and blocks them, thus reducing 
the permeability of the sand. Calcium carbonate is very un- 
desirable in parting sand, as it has the opposite effect to that 
which is desired and increases instead of reducing the adhesion 
of the sand. 

In core sands, calcium carbonate incr(;ase8 the amount of oil 
required for binding, and makes the (;ores so hard that they are 
difficult to remove aftc;r use. 

Magnesium compounds occur to so small an extent in moulding 
sands and are so difficult to identify therein, that they may without 
serious error be regarded as having the same propertitjs as the 
corresponding calcium minerals, of which limestone, chalk, and 
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Organic Matter, when naturally present in a sand, is usually 
of vegetable origin (I. 200). It may also bo introduceKfaccidentally 
into the sand as a result of bad working, by which some of the 
overburden may have been mixed with the sand, or of water 
carrying carbonaceous matter in solution or suspension fKjrcolating 
through the bed (T. 200). Organic, vegetable matter is usually 
harmful, and, as a general rule, sands containing more than 1 per 
cent should be avoided, especially if they are to be used for cores. 

Carbonaceous matter, including s'bme organic matter, is fre- 
quently added to moulding sands to increase their ptuaneability and 
to produce a smoother face on the casting. (See Preparation of 
Mouldimj Sands, p. 113.) 

Water, whilst not often regarded as a mineral, may conveniently 
be considiired in this section. The presence of water (moisture) in 
a moulding sand is sometimes a serious disadvantage, which can 
only be avoided by carefully drying the sand bidore us(‘. A per- 
fectly dry and moisture-free sand is too friable to be used ; a small 
proportion of moisture (unless oil is listed) must always be present 
to develop sufficient jdasticity in the sand to enabh; it to lx? made 
into the desired shape. Beyond this small proportion of water 
(which seldom exceeds 5 per cent of the weight of the sand, unless 
the lattc.T is very fine and, having a larger suiIaiH^ area, requires 
more water) any excess is harmful, as it reduces the strc'iigth of the 
mould and also int(u-feres with the permeability of iha mould if the 
green sand method (p. 76) or loam moulding (p. 76) is used. 
Hence, if a moulding sand contains more than about 5 per (jcmt of 
moisture, as is fr(‘quently the case, it should be dried until its 
moisture-(!ontent is reduc<;d to the amount just mentioned. Some 
of the Bunter sands, for example, contain 13 per cent or more of 
water, and should be dried until they contain about 4 per cent, in 
order to secure the best results. 

A rough, ycd. convenient, test for a serious exei^ss of wat(‘r in a 
moulding saiid is to press a sample into the shape of a ball in the 
hand. If any sand adheres to the skin the material is probably too 
wet to be satisfactory. It is much better to have the percentage of 
moisture determincid in a proper manner (I. 238). 

Unfortunately, many foundry men are very careless with regard 
to the amount of moisture in moulding} sands, in spite of the fact 
that it has such a profound influence on the strength of the moulds. 
This is well shown by Table XXXVII., due to F, A. Hayes, which 
shows the result of determinations of moisture on several days in 
the sand from different floors of the same foundry, all the men on 
which were using the same sand for the same general class of work. 

It will bo seen that there was a difference of 3-77 per cent in 
the moisture-content of Pile No. 2 on two different days, and smaller 
variations in the other piles. Although these differences might be 
explained by the fact that different moulders ram the sand to 
different extents «;nd, therefore, require sands of different dampness, 
yet this does not account for the variations in any one pile. As it 
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TaAe XXXVII.— Variations OF Moisture in Sands 



is (isscntial, especially in green sand nioultling, that tlu^ moisture 
should be uniformly distributed through the sand and kept as 
constant as possible, there is (considerables sc’ope for better control 
and more effiecient mixing or tempering of tluc sand in some foundries, 
evtm wlien a single sand is used. 

The chief elfects of an excess of water in a moulding sand are : 

1. Moulds made of wet sand are weaker than those made of 
sand containing only 4-5 per cent of moisture. The effect of water 
on the crushing stnmgth of moulding sands is shown in Table 
XXXVIII., due to Moldenke. 


Tarek XXXVlll. — Crushing Strknoth of Moulding Sands 
(lb. per sq. in.) 


Klml (t[ Siiiiil. 

No. of 
I'ests. 

.'i per Cftit 
Wiitfr. 

7 1 per evnt 
Wut(T. 

10 p(!r cent 
Wat(‘r. 

Dry. 

Fine .... 

18 

311 

207 

2-18 

7-82 

Medium . 

10 

4 03 

3-28 

2-38 

13-70 

Coar.so 

48 

4-82 

3-43 

3-08 

14-20 

Specially slron^^ 


3 -.7 

2-70 

3-32 

no -30 


The renyirkable increase, after drying, in the stnmgth (ff the last 
sand in Table XXX VIII. slffmld be noted. 

The amount of water recpiired to develop the full strength of a 
sand varies according to the moistun; in tluc sand, the projiortion 
of voids, the total surface area of the grains (1. 21 1 ), and the amount 
of clay present. The maximum strength Avill be obtained by adding 
water up to a certain limit, but an increase beyond that amount 
will separate the grains unduly and will decrease the ])orosity. 

Table XXXIX., due to A. L. Curtis, shows the ju’oportions of 
water required to produce the maximum strength in the sands 
investigated by him. 

In each case the percentage of w^ater required i!^ quit(c small, and 
justifies the rec^jmmendation previously math? that the proportion 
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Taulk XXXIX.— Water ItEQUJRKD TO DEVKLOP MaXIMT^M STRENGTH 


Source of Sjiud. 

Ainoiiiit of Water. 

t 

Staffordshire 

6 per cenv 

Worksop 

5 

Koo Park, Clicsliire 

4 „ 

Kiuicorn 

3 -5 

Stourport . . . . r . 

4 

Devonshire 

5 ,, 

Birmingham 

3-8 

Ciirnl)erland 

•'> 


of water in a moulding sand should not usually exceed 4-5 per 
cent. 

2. Moulds made of very w(‘t sand shrink wluai dried, and are 
liable to produce uruh^sized or distorted castings. 

3. Moulds made from wet sands are less permeable than those 
made of sands containing only 4-5 per cent of moistun', and if such 
moulds are dried before use the shrinkage may have serious results 
(see 2, above). 

4. Moulds made with wet sands and aft(;rvvards imperfectly 

dried are liable to be dangerous to the workmen, as well as certain 
to producer defective castings. It is comparatively easy to dry 
small moulds, but the larger ones used for heavy castings (*an only 
be dried superficially ; when this is the cast*, th(‘ intt'Hor of the mass 
of sand remains damp. When the molten metal is ])oured into the 
mould, the moisture present in the sand is conv(‘rt(‘d into steam 
and should escjape, along with any otlu'r gases, through the pore- 
s]m(!es and vents in the mould. Th(> effeet of any surplus amount 
of water is not serious, provided the mould is sufliciently porous to 
allow all th(i moisture and gases to escape rapidly, but, unfortun- 
ately, mf)ulds containing moi.sture are not so porous as those made 
from dry sand, as a film of water surrounds each grain of sand and 
fills up part of the voids between them, thus giving a smaller 
effective pore-space. They are also less p(u*nH>able, as this Avater 
greatly increases the resistance offered by the mould to, the passage 
of steam or gasc^s. ^ 

If the proportion of moisture in the mould is at all considerable, 
its conversion into steam may cause the mould to shrink, as the 
particles of sand go closer together after the removal of the water. 
This is not serious if the proportion of moisture is sufficiently low, 
but if it is high, the mould may be deformed and so produce a 
defective casting or an explosion may occur. Moldenke tested 
the permeability of the three moulding sands containing varying 
proportions of water, by determining the number of seconds 
necessary to drive 1 gallon of air through a J in. orifice on one 
side of a block bf the sand 1 in. thick, the other side being open 
to the atmosphere. The results are shown in Tablp XL. 
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Tabi.k XL,—Pkrmkabtlity of Moulds 


Kind of .Sand. 

• 

\<). of 'IVsts. 

Seconds required for 1 Oallou (»f Water to pass 
thro(i>:li 1 in. Jtlock. * 

(> per cent 
Wat<‘r. 

• 

7 i per cent 
Water. 

in i)pr eetit 
Wat('r. 

Dry Sand. 

Fine . 

18 

^1 •(».") 

i IT) 

2-71 

1 -29 

Medium . 

10 

0()S 

0-80 

1 

MO 

o-9:i 

Coar.so . 

48 

0-89 

1 U 

1-79 

0-97 


It will be seen that the moulds eontaining a small pn)])ortion of 
water have a greater ])ermeability than those made of dry sand, 
except in the case of tlu' fine sand, wluai it is most ])ermcahl(^ in 
the dry state. 

A further defect caused by th(^ use of a mould iu which tlu^ sand 
is too w(‘t is that, wduai the molten iron comes into contact with 
the sand, scabs occur because the gas and st(‘am generated by the 
heat cannot ('scapi‘ sufiiciently rapidly through the )B)res in tlu^ 
mould, but, on the (•ontrary, push out a portion of tlu* drier sand 
to the molten iron, so that rough lumps are left on the casting. 
During th(^ time the scabbing is taking place the gas('s follow the 
line of least resistance by passing through the moltiui iron into the 
runner gates and risers with a series of puffi; and blows, which are 
actually small explosions. 

5. Wet sand will not mix well with some bindtTs, so that 
when the latter are usetl tlu* sand must be thoroughly dried before 
being mixed, 

(). DilTerent metals require <lilTerent amounts of moisturt^ in 
the mould at the time of casting. With aluminium, for examph^, 
the sand should be as dry as possible, as it is most important to 
avoid a large (; volution of gas. In iron-founding this is not so 
important, as molttai iron is heavy and dense and tlu* gases take 
the line of h‘ast resistance, which invariably lies through tlu^ sand. 
Aluminimh is so much ligVter and li‘ss dense that it has only one- 
third of the resistance to the gases, with tlu^ residt that of two 
casts made under identical conditions an iron casting might be 
perfectly sound and the aluminium on(‘ “ blown,” owing to the 
smaller resistance of the molten aluminium. If it is necessary to 
use a slightly damp mould for aluminium, it should be given a 
more open and permeable textun^ Ihan usual by ramming it as 
bghtly as possible and paying special attention to tlu' us(; of a sand 
with a larger proportion of voids, so as to facilitate th(‘ passage 
of the gases through the sand. 

7. The cost of drying the moulds is mucli^ greater than that 
of drying the sand, so that the use of wet sand, wliich necessitates 
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'further drying of the moulds, is extravagant both in fuel and labour. 
It is particularly necessary to dry the sand to be use(l for making 
, coijes. 

8. To avoid using a wet sand, some moulders go to the other 
extreme and dry the mould so thoroughly that all moisture is 
driven out and the clay in the moulding sand is partially baked. 
This creates other difficulties in casting, particularly with such 
a metal as aluminium alloys, which have a high shrinkage and 
a pasty condition at high temperaturctj. Over-dried moulds would, 
unless speedily eased after casting, cause the casting to crack, by 
offering a r(isi stance at a time when the metal was in its weakest 
phase. 

kSonie sands, when dri(‘d gently and without overheating, form 
a compact and coherent yet porous mass ; others form friable 
masses when dried, and so cannot be used in this state unless they 
have previously been mix(Hl with a special binder. Mansfield, 
Staffordshire, and Erith sands may be used as dry facing sands 
cither alone or mixed with horse-dung. Rock sands contain 
practically no moisture, and are generally used for dry sand work, 
an added binder being generally necessary. Various mixtures of 
clayey sands (loam) and other sands are also often used as dry 
sands. 

Dry sands are preferable for casting brass, as when thoroughly 
dry th(^y may be tamped harder than wh(*n in the green state. 
When green-sand moulds are used for brass they sliould be much 
drier than those used for casting iron. 

Shape of Sand Grains. — Tlui (piestion as to what is the best 
shape for the grains in a moulding sand has frequently been dis(;ussed, 
but no general agreenumt thereon has yet been rea(!hed. In investi- 
gating this problem there are three factors to be considered : 

(a) Which shape of grain will produce a mass with the maximum 

strength ? 

(b) Which shape of grain will produce the requisite porosity 

and permeability in the mould ? 

(c) Which shape of grain will produce the desired smoothness 

on the surface of the easting ? 

To obtain the maximum strength the grains should be sharply 
angular and interlock so as not to be moved when in contact with 
the molten metal. Interlocking grains will not produce the maxi- 
mum porosity, as sharp angular grains are inferior in this respect 
to rounded grains, which have no interlocking power. Rounded 
grains also give a more permeable mass for the same pore-space 
than angular grains, on account of the greater smoothness of their 
surfaces and consequent smaller frictional resistance to the passage 
of gases. It is therefore necessary to compromise, and where 
strength and resistance to abrasion are necessary (as in facing 
sands) a sharp angular sand must be employed, whilst where 
strength is not of such great importance a more^ rounded sand 
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may be used so as td secure a greater porosity. A great ad\'antage 
possessed by'round grains is that they will still give a porous ".lass, 
however hard they arc ramin(;d, whereas sharp grains bi'c^ine « 
interlocked and so reduce the porosity. IMoreover, wln^n a sand 
consisting' of sharp grains is rammed, thojt- nearest the* set of tlu' 
blows will be closely interlocked, but tliose fartluT avay will not 
be appreciably affected. Consequently, the mould will not be 
homogeneous and the casting may swell at those iiarts wlun’c the 
sand is too open. This defeat may be partly avoided by ramming 
in thin layers at a time, but with rounded grains this is not necessary, 
as the pressure is transmitted from grain to giain and none of the 
particles are packed too lightly. The great popularity of somci 
welldinown foundry sands, such as the Belgian yellow sand, is 
largely du(i to the fact that they consist (diicfly of roundi'd grains 
and so are easy to use. For this reason .some foundrynum always 
form the backing of the mould with a sand consisting of rounded 
grains. 

8omo core samls have roundcsl and others hav(' shaiq) grains ; 
the lattcT form a strong mass, which is oftem necessary for (uire 
work. Bock sands are very desirabh' for making cort's, both on 
account of their sharpness and also on account of tlu'ir purity 
(p. 87). Granite sands ani angular in grain, and when they contain 
or are mixed with a small quantity of (day, they form a very 
suitable core sand where angular grains are required. On the 
other hand, the most effective vemting of the mould is obtained 
with a round-grained sand, so that (^acdi moulder must d(‘cide. whi(?h 
kind of grain would be the best for the particular work in hand ; 
thus, w^here specially good venting is n(‘ces.sary, as in small cores, 
rounded grained sands must som(‘tim(\s bo employed in ordt^r to 
assist the gases to escape. S(‘a sand in (amjunction with oil (p. 117) 
is often used for cores. 

Parliruj sands should preferably havt‘ round grains, as they are 
us(’d to pn^vent the various portions of the moidd from adhering 
to each other. A used or burnt facing sand is generally vt^y 
vSatisfa(!tory for this purpose. 

Sizes of Sand Grains. — The size eff the grains of sand in a mould- 
ing composition is important, as on it dtq^ends the ability of the 
sand to get rid of gases involved during and after (tasting, and 
therefore to prevent the formation of blow-holes in the metal. 

To secure a maximum permeability, the grains should be of 
uniform size, grading (p. 35) being undesirable, as a fine sand 
having grains of approximately uniform size has a greati^r perrrui- 
ability than one containing grains of various sizes, the smaller ones 
filling up the interstices between the larger grains and so decreasing 
the total proportion of voids. For this reason, the proportion of 
silt and very fine sand should be as low as possible, preferably 
not more than about 10 per cent. Provided they are not so large 
as to produce a very rough surface on the castirfg, the siz(.‘ of the 
individual grai^js is not of much importance in a moulding sand, 
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as the percentage of voids is approximately the same whatever 
t^o size of the individual particles, provided they are all the same 
siae. Thus, a sand consisting entirely of grains of about 40-mesh 
will havti the same perciuitage of voiils as one consisting of grains 
all of which are about 10-mesh, but fine sands usually h^ve a greater 
pore-space than coarse sands, as shown in Table XLI. 

Tahi.k XLI. Kklation op Porosity to Finknioss (H. Rios) 




Siind. 

Average fineness. 

Sj>ecifl(: firavity. 

I’er (.-cut Pore-space. 

1 

174 

2-50 

42-45 

2 

103 

2-72 

44-70 


m 

2 02 

40-43 

4 

10.3 

2-57 

43-20 


88 

2<i2 

38-00 

() 

70 

2-7.3 

32-01 

7 

({.3 

2-ru) 

30-52 

8 

r>4 

2 01 

38-83 


The ligures nuudioned are only applicable to perfectly clean 
sands ; in some instances, the smaller partiith's may havi^ a smaller 
porosity than the larger grains beijausc^ of the effect of the clay or 
other natural bond [irescnt in the sand. 

As explaiiKMl on p. 81, the ])orosity of a sand is not always 
a reliable guide to its permeability, as the escaping gases will ])ass 
more readily through large pori's tlian through small ones, so that 
a coarse sand has a greater yiermeability though it may only have 
the same yiorosity as a finer one. 

The chief disadvantage of a uniformly -siz(‘d sand is that it does 
not give so smooth a surface to the {‘asting as one consisting of 
irregular-sized grains, but the divsadvantage of the latter is its 
lower p(?rmeability. For large or rough castings wdiich have 
afterwards to be machined or where a rough surface is not important, 
a coarse sand is quite satisfactory, but for smaller or more highly 
finished castings it is desirable to use fine-grained sands. The 
most desirable rnoidding sands (contain as high a y^^oyiortion of 
fairly coarse y)arti(4es as tlu*. surface" desired on the casting will 
permit, together w ith a suffitaent quantity of fine y^articles of clay 
or other bond ; the yu’oportion of intermcdiati; - sizial material 
should be as small as possible. The natun> of tlu> metal must, 
however, be considered ; thus, coarse sands cannot be used for 
casting aluminium, as they give a rough matte ay)y)earan(?e to the 
surface of the castings ; fine sands must therefore be used with 
this metal, and the mould must be tamped very lightly so as to 
ensure the am])le permeability necessary in casting aluminium. 

An excess of fine silt or dust should not be present in moulding 
sands, as it rendiTS the sand w^eak, besides reducing its porosity. 
For general purposes, moulding sands should let^ve little re.sidue 
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on a 30-mesh sieve ; that is, few grains shouhl be larger than 0-02 in, 
diameter, 7d per cent or more of the grains should be Ix'^wtt'n 
O-Ol in. and 0-02 in. diameter, so tliat the sand should pass oinn- • 
pletely through a 25-mesh standard sieve, and not more than about 
30 per cer|^ of it should pass through a <>0-mesh standard sii've. 
The well-known moulding sands are of this charactiT, Boswell 
having found the percentages of such grains in the moulding sands 
given in Table XLll. 


Tablfo XLII. — Mkdium Sands (Rosvvoll) 

Locality. 

JVn-cntajrc of Umins 
Iwtwceii D 01 iiiid OOi: in. 
liiii meter. 

Rawiry . 

U.'> 

Rolfasl . 


f^irmin^hani . 

t;7i 

Ik'lgian yellow 

til -9 

Heek .... 

77-0 

Mansfield (open) . 

7S-S 

SI. Frth 

.sa-f) 

Worksop (pot) 

7(>-2 


The finer sands, which arc* largc'ly us(*d forfacangs, consist cliic'fly 
of grains bc'tween 0-004 and O-Ol in. diameter, which ])ass com- 
[iletc'ly through a 50-mesh sieve, but are r(*tained on a 125-nu'sh 
sieve, as shown by Table XLIJI., compiled from data obtained 
by Boswell. 

Taiilk XLllJ. — Fink Sands (Bo.swo11) 



I’creentatie of drains 

Locality. 

between (M)Ol ami OOl in. 

diameUT. 

Durliarn 

():14 

Frith (mild) . 

.s7-r» 

French red 

1)2-7 

Kutton.s Amho 

72 

Leiiihton Ru/./.ard 

75-8 

South Favo . * . 

90-2 


Other much liner sands arc available*, the lin(*st Worksop sand 
containing, according to Boswell, 02-5 jier cc*nt of grains Icjss than 
0-004 in. (liameter. 

Floor or backing sand does not come into cuintact with the 
metal, excerpt in the roughest castings, and may therefore consist 
of coarse rounded grains, though an ex(a*ssively coarse sand should 
be avoided. 

Sands for cores should be between 50- and ^r5-mesh. Coarser 
sands should ^ot be used, on account of their weakness. A sand 
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consisting of grains of 35-mesh when new may be as much as 40 per 
C6nt weaker than a 50-mesh sand. Excessively fino^sand should 
not, however, be iisc^d, as its permeability is usually too low. 

Faciruj sands must be sufficiently fine in texture to give smooth 
castings, and the finer t h\^ detail of the article to be made„the smaller 
must bo the grains of sand. The finest “ art castings ” should 
be mad(i with the finest-grained sands. For delicate bronze work, 
sand which passes through a 250-mesh sieve may be used. On 
the other hand, fine sands contain Very small pores and so have 
less venting power ; hence, the finest-grained sand consistent with 
the safe venting of the mould should be used, as such a sand 
will give the casting tlui sinoothest surface possible under the 
circumstances. 

Parting sands should be ground finely so as not to separate 
the parts of the mould too much. If too (*oarse a sand is used, 
sonu; of the metal may run between the; parts of the mould and 
necessitate an excessive amount of fettling or grinding of the 
castings. The grains in a parting sand should also be as uniform 
in size as possible (see p. 78). 

The effect of the size of grains on the metal to bo cast is often 
important. The (;ase of aluminium has been mentioned on p. lOfi. 
Brass and bronze require finer sands than iron, on account of their 
searching ” or “ penetrating ” action on the mould (p. 83). 
For this reason it is also n(*c(\ssary to tamp brass moulds mor(5 
tightly than thos(^ used for iron, etc., and thereby to produce a 
harder surface. 

The effect of the size of the grains on the refractoriness of the sand 
should not be overlooked. As cpiartz has a vtuy low heat- 
conductivity, large grains of sand are mori^ resistant to high tem- 
peratures than small ones, because the heat does not penetrate so 
readily into the large grains. 

The figures shown in Tables XLIV., XLV., and XLVI. show 
the sizes of grain in w(*lI-known moulding sands from diffiTent 
parts of the country. 


Tasle XLIV. -Sizes uf Grains in Moulding vSands (,T. SIuiw) 


Sieve No. 

.‘10 

60 ' 

90 

150 

Less than 
150 

Erith (weak) . 

040 

0-80 

0-56 

67-88 

30-46 

„ (medium) 

019 

0-84 

0-28 

38-87 

.58-08 

„ (strong) 

J 32 

4-5.5 

1-22 

14-08 

76-02 

Lanca-shire 

0-80 

4-14 

.39 06 

1.3-02 

4-58 

N. Midlands . 

0 0 1 

1-28 

29 -.30 

.54-00 

14-23 

Worksop (fine) 

o:i8 

0-92 

3 -.38 

.39-16 

.54-26 

„ (coarse) . 

Stourbridge . 

01 5 

2 -6;! 

1512 

60-93 

19-98 

0 49 

6-41 

17-82 

49-89 

24-70 

Wolverliampton . 

0-54 

1-32 

13 -.50 

47-69 

.35-94 

Kidderminster 

0'08 

1-60 

16-99 

55-84 

20-84 

Southampton 

0-20 

1-40 

14-80 

69-20 

jC 

13.32 
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Table XLV. — Sizes of (Ihains in Moulding Sands 
• (Sexton and Primrose) 



Clyde River. 

Helliist Red. 

— • 

Oernmn Yellow, 

fr 




TJiroiij^h lOO-inesli 

4 .{ 

Sl-0 

7S-0 

„ 80 „ ... 

21 

2() 

:m) 

» «o „ . . . 

8-4 

4 0 

Of) 

„ 40 „ . , i 

29 0 

.•Pd 

r)0 

20 

40-0 

0-.5 

40 

Retained on 20-inesli 

14-2 

Ifl 

ir» 

Average fineness 

:ii 9 

HS-7 

S8-;i 

Loss 

If) 

0-9 

2 0 









Table XLVT. — Sizes of ({bains in Moulding Sands 
(P. G. IT. Hos\v<'ll) 


Material . . 

Very 

coarse 

Sand 

( 'oarse 
Sand 

Mi'diitin 

Sand 

Cine 

S.iml 

C( rirsi' 
Silt 

Cine 

Silt 

Clay 

Total 

sand 

Grade. 

Siz(' of wraiiiH , | 

in. 

.\lt(»ve 

(I'OI 

in. 

(>•(12- 
0 04 

in. 

OOi- 

(102 

in. 

0001 - 

001 

in. 

0002- 

•004 

in. 

00001 - 

0002 

in. 
I.ess 
tlian 
0000 ( 

in. 

( )ver 
004 ■ 

Sieve .\(). 

12 :) 

2 -. 

r.o 

I2:> 

2:10 

* 

• 


Hr it iK ft 

.\iiehenliea1h rock 

.v: 

l-s 

41 i 

2()-2 

0 2 

10 

4 0 

04 -S 

Cornish re(l . 


0 (» 


42 7 


•7 

i;u7 

SO^O 

Ditiiiaiii 


1 race 

:C7 

(‘.:m 

H-2 1 

i:>-() 

01 

(57 I 

llnltons Aiiiho . 


01 

iH I 

720 

(>■2 1 

0.4 

1 10 

H8^r> 

Jicit'litoii Rii/zar 1 



0-7 

7r>-.s 

2 

•;{ 

12-7 

K4-0 

South (.'ave . 

Foreign 

R(*L'iaii red . 



s-:l 

Jl()-2 

0 

•7 

0-H 

0H^5 


2-'.) 

;{()•.') 

112 

(>•() 


20(5 

rioo 

JkdtllHii yellow 


T.'i 

Ol-l) 

120 

;{ 

•:{ 

I2^:{ 

H4-I 

Freni'h red . • 


(>•(> 

ISO 

()2-7 


•1 

l.'iO 

8i-;{ 

Freneli ytdlow 



:c:> 

00 Cl 

00 

100 

10 0 

(54 1 


♦ No sieves exist wliich correspund tu Hue siH and < ltiy. 


Other me(5hanieal anal^^ses of rnoiilding sands will be found in 
Boswell’s Memoir on British Resources of Refractory Ramis for 
Furnace and Foumlry Purposes} 

Specifications for Moulding Sands. — ^Tliere is no “ ideal moulding 
sand,” nor is a sand which is compleitdy satisfactory for one kind 
of casting e(j[ually suitable for another. Moreover, a sand may 

‘ Soo footnote, p. 89. 
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Ibo us(^cl for facings in one kind of foundry and as a backing sand 
in another. / 

ftb'or this H'ason it is iinf)ossible to issue any “ standard ” 
speciheation which is cc^ually suital)le to all foundries. Considera- 
tions of cost conipd foimdrymen to use local sands as fay as possible 
and to make good their defects by various means. (See PrejHiration, 
p. 118.) Any special work may necessitate the purchase of sands 
parti(;ularly suitabl(‘ for it. 

The following notes indu*ate broadly the properties required to 
be poss(‘ss(^d l)y the various sands named : 

Saiulfi for (jenerat foumlry use should (consist chiefly of silica, 
the grains of which should be as uniforin in size as |)ossible, each 
parti(;l(5 b(>ing (;ov(‘red with a thin film of clay, limonite, or other 
bond (p. 115). The sand should have a rt'fractoriness or h(>at- 
resistanee greaU^r than is nHpiired in flu* particular work for which 
it is (uuployed, so as to reduce “ burning on ” as much as ])ossible ; 
at the same time other ])ro[)(^rti(‘s should not be unduly saerificecl 
to securing a high d(‘gr(‘e of refractoriness. The ])ermeability 
(p. 82) should b(i high so as to permit tlu^ n^ady esca|)e of the gases, 
this being more readily obtaim'd with a sand comj)osed of rounded 
grains of uniform siz(> than with a shar]) sand comi)osed of mixed 
grains (p. 105). The ])lasticity and colmsion of the sand (p. 1)8) should 
be high in order that the moulds may b(‘ of ample s( rength, but this 
must not be obtained at too grc'at a sacrifice of pcTmeability. 

So far as (duMuictal analysis is concerned, a very high proportion 
of silica is always an advantage. Iron oxide should usually be 
high, except ])ossibly for sand uschI for some of the most difficult 
steels ; alumina in the forni of clay may be moderately high, but 
there should not be sufficient clay to reduce unduly the permeability. 
The percentage of lime, magnesia, potash, soda, and all other 
impurities should bt' as low as possible, though in sands used for 
easting brass and other alloys melting at a relatively low tempera- 
ture the presence of lime is not usually harmful. 

Mouldimj loarm in which no jiattcTns are used must be more 
plastic than ordinary sand. The following propertii‘s are desirable 
(1) plasticity; (2) small shrinkage; (3) sufficient refractoriness; 
(4) cheapness. 

Tjoains should conform to the requirements mi‘ntioTied above, 
and should contain sufficient clay to bind the particles of sand 
into a strong enough mass, but there should not be sufficient to 
causes (Tacking or excessive shrinkage. The sand should be 
sufficiently refractory to avoid “ burning on,” and its texture 
should be sufficiently tine for the castings to have a good surface. 

Facing sands should conform to the general requinmicnts given 
above, but should also be sufficiently fine for the particular castings 
to be made. They should impart a smooth, fine surface to the 
metal with which they come in contact, and should allow the 
castings to leave the mould cleanly after cooling, without being 
covered with adherent sand. 
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Core sands shf)uld conform to the gcn<TaI requirements mimtioned* 
above, excci.i that some otlier bimJer should be substituted fgr 
tlie clay. The mixture should hav(^ tlu' greattvst ])ossible strengtii 
and, at the same time, sufficient venting powxu*, yet wlu'ii tin' 
casting is • finished the cores should reaciily be broken up and 
removed ; ftiis cannot occur if much clay is pri‘S(‘nt, as the clay 
is “ baked ” and hardened by heat. 

Parlim) samls should consist of tine, uniformly rounded grains, 
free from clay or otluT biriling material and also from liux(‘s, 
especially soluble salts and lime compounds. 

For caslhu) steel and otlu'r high-temperature alloys, the moulding 
sand must bv highly refractory, but for ri'asons of ec-onomy two 
sands are sometimes used : (u) a highly refractory facing sand 

(Hunposed of very pure sand and tin*clay or a nat ural sand (‘(piivalent 
th(‘r(‘to, and (h) a backing sand of a less refracdoiy njiture whoso 
chief (diara(d(‘ristic is its ])ermcability. 

J^'or casthu/ brass awl other non-ferrous alloys a less refractory 
sand will sutliee, provided its heat r(‘sistance is suffici(*nt for the 
particular tmdals to Ix' cast. 

Sources of Moulding Sands. — 'Plu^ suppli(*s of the best natural 
moulding sands are very limited, and are practically conlined to 
St. Erth, (Cornwall, Huttons Ambo, South (hv(‘, and Barrow-in- 
Furn(‘ss, and to (certain Fnau^h, r)ut(;h, and Belgian sands. Sands 
of inf(‘rior refractoriness, but (juitc suitable^ for some iron castings 
and for many non-ferrous ones, are more widely distributc'd, and 
occur chiefly in thi‘ Trias, Greensand, and Eo(*ene formations, 
as well as in th(‘ olch'r (Jarboniferous and other rocks which supply 
sharj) rock sand. In gen(‘ral, sands which are freshly dug are 
preferred to those which hav(^ Imtu ex])o.s(‘(l to th(‘ wi'atluT for 
a long ])eriod of time. 

As far as ]iossible, foundrymen use local sands for geni'ral work 
and supfilenumt tlu^sc? by specially purchased facing sands, but V(uy 
often th(5 whoki of tin; sand used is brought considerable distances, 
when an equally suitabk^ sand might lie obtaiiUHl much nearer the 
works. Sands such as those of Frith, Mansli(‘ld, etc., have been 
carried to Africa, India, Australia, Ana'rica, when ]x>rfectly satis- 
factory sands (;ould readily be obtained much ncai'er. For reasons 
previously statcxl, it is impracticable to give in detail cauth source 
of sand and the particular castings for whicdi it is most suitable ; 
and to arrange the sands in groups acu-ording to the {lurposes for 
which they are used would involvt' miudi nccxlless rcfietition, which 
is avoided by mentioning them in the order of their geological 
occurrence. 

GlacAal sands are worked for moulding sands at Oldham and 
in various other parts of Lancashire, wffiere they are used for gen(?ral 
casting ; at Bawtry (South Yorkshire), where they are employed to 
some extent for non-ferrous w'ork ; at Ipswich for st(^el casting ; and 
in Durham for general purposes. • 

Pliocene sa'^s include the famous Cornish red and yellow sands 
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of St. Erth, which are used for general casting and to some extent 
for steel. 

,The BagsJhot beds of Southampton are used to a small extent 
for general work. 

The Thanet sands obtained at Erith, Charlton, Woolwich, and 
Rochester, both from pits and by dredging, are largely used for all 
kinds of inoulding work, and are so highly valued that they are 
transported as far as Edinburgh, Northumberland, and Durham for 
non-ferrous work. Tluise sands, whc^i mixtHl with an opener and 
sufficient clay, make an excelkuit loam for general iron castings 
and for dry facings. The Thanet sands are superior to the Bunter 
sands for moulding purpostJS, as the latter may contain up to 15 
per cent of felspar, and so are less refractory. 

The Greensands of l^eighton Buzzard are used for easting steel, 
whilst those of Devizes and Seend are us(>d in the west of England 
for general and luiavy work, but are too coarse; for fine work. 

The Kellaivays sands of South (/ave in Yorkshire are used for 
casting steel and for general moulding. 

The Upper Estuarine sands of Huttons Ambo, Yorkshire, are 
used for casting steel. 

The Banter sands are amongst the most valuable moulding 
sands in the country for iron and most metals other than steel. 
Their value is partly due to the; iron oxide bond which they contain. 
Useful moulding sands in this s(;ries are obtained near Birming- 
ham, Stourbridge, Wolverhampton, Compton, Woinbourne, Kidder- 
minster, and Stourport. They are similar to the Lancashire sands, 
and are largely used locally for non-ferrous and other work. When 
mixed with manure, th(;y make good dry facings for iron. 

In Birmingham they are used for casting gold, silver, nickel, 
eopfM;r, brass, phosphor-bronze, white alloys, aluminium, etc. 

The sands around Wolverhampton and Stourport are specially 
fine, and are suitable for facing sands, whilst the Woinbourne sands 
are particularly suitable for casting brass. 

The Bunter sands of Mansfield, Nottingham, Worksop, Sutton 
Junction, Hemphill, and Lcuiton, in Nottinghamshire, Doncaster, 
Armthorpe, Bawtry, Heck, Hensall, and Whiteley Bridge in York- 
shire, are very weil known, and are widely used both for ferrous 
and non-ferrous foundry work. The finest Mansfield sands are 
excellent as either dry or green sand facings for brass work. Some 
Mansfield sand is used in Edinburgh, Northumberland, and Durham 
for non-ferrous work. Milled with horse-dung, it makes a good 
dry facing for iron castings. The upper beds at Mansfield are also 
used as pig-bed sand. 

The Worksop red sand is very good for floors. The Doncaster sand 
is suitable for general jobbing work, but if carefully screened could 
be used for better work. It is largely used for casting iron and for 
small cores, but it is not usually strong enough for loam moulding. 

At Bawtry the Bunter sand is worked for pig-beds and for 
rough general work. 
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The Bunter sands of jftnrham and ('unibcrli/lid are used for’ 
general woi*k ^and also for non-ferrous moulding. 

At Runeorn in (dieshire the sands are line and of a de(*p rell 
eolour, and are (chiefly used as jiig-bed sands. Bunti'i* sands !lie 
also worked at Ormskirk in Laneashire, providing an ()p('n and a 
close moulding sand. 

The Belfast sand is a fine-grain(‘d reddish material mueh used 
for light ornanumtal woi’k and for holloAv warc^ ; it is r(‘gard('d as 
one of the best sands foi* eastmg brass and cores, and is extensivi'ly 
us(‘d as facing sand, especially for brass and non-f(‘rrous metals, 
sometimes witli an admixture of rock sand. For non-ferrous Avork 
the sand is used rc'peatedly, new sand being added as required. 
It becomes liiKw in use and, theredore, more suitable for certain 
work. 

The Permian saml of Pontidract and (Ustleford is similar to the 
Doncaster Bunt(*r sand, and is used, to some, extent, for geiu^ral 
work as well as for non-ferrous work in South Yorkshire^, ])artic,ularly 
in the Sh(‘ffi(‘ld, Hull, and LimmIs ar(‘as. Tln^ Permian sand of 
Lancashire is used for general iron casting, and is mixed with floor 
sand and coal-dust facings. It is very us(‘ful for dry sand moidding. 
Whilst usually uniform, it requires W'atching, as it sonudimes 
contains lumps of clayey maUTuil. 

Carboniferous samistones are, to sonu^ extent, crushed for 
moulding sands. 

The (Jh/de “ Rotten Rockf' which is W7)rked at Auch(‘nh(*ath, 
Drumcavil, Garngad, Garnkirk, Glenboig, and Drumbathic^ in 
Ijanarkshire, is used as a facing .sand, and gives v(‘r v smooth ca.stings. 
It is also employed for non-ferrous Avork round Gla.sgOAv in con- 
junction Avith sand from ('arlislo and Belfast. 

Falkirk saml is used for casting hollow Avare in thl^ Glasgow 
district. It gives a very smooth finish, wdiieh is Avell knoAvn in th(‘. 
production of Scotch irons from th(^ Gla.sgoAv district. At Haydon 
Bi'idge, Northumb(;rland, a sandstone or bastard ganish^r is u.sed 
for casting stetd. 

Preparation of Moulding Sands. — When a Avliolly suitable natural 
sand is available the only preparation it usually najuires is screening 
to remove the excessively coarsi; jiartielcs (I. 441), and drj/imj to 
remove an/ excess of moistuni (1. 401) Avhich may be jiresent. 

Drying . — When a natural sand is to be mixial wdth oth(;r 
mat(>rials it is almost impossible to obtain a uniform product unless 
the ingredients are first dried, and apart from this it is important 
that any sand used for moidding should not contain more than 
4-5 per cent moisture (see p. 1(K)). If it contains more moi.sture it 
should be dried as described in I'^ol. I. p. 401, care being taken, if 
the sand contains clay, that no fiart of it is heated to a temperature 
aboA^e 110"^ C., otherAvise some of the clay Avill be decompo,scd and 
spoiled. This preliminary drying is often neglected, although it 
is most important. It is not sufficient to leave tlje sand out in the 
sun or in a current of cold air. 

VOL. II • I 
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The moulds, ' unless used for green '^^moulding (p. 76), must be 
4ried prior to use. This drying is sometimes effected by directing 
the flame of a lamp on to the interior face of the mould, but smaller 
moulds, es|)ecially those in which oil or other organic matter is 
used as a bond, are usyally baked in an oven at a temj^erature of 
about 3()()°-450'^ C. This greatly increases the strength (,; the mould, 
but it does so by decomposing the bond, and thus makes it difficult, 
or even impossible, to use the material for making fresh moulds. 

As compkitely suitable natural ^ands are rare, it is usually 
necessary to treat the most readily available sands so as to render 
them more suitable. The methods adopted for this purpose are : 
(a) screening to remove the particles of unsuitable sizes, (h) adding 
sand from another source or some other material to mak(^ up for 
the deficiencies in the sand chiefly used, (c) adding water to increases 
the plasticity of the sand or mixture, and (d) milling or mixing tlu; 
various sands and other materials. 

Screenin/f is im{)ortant as a means of removing any lumps, of 
breaking up any clots, and to secnire a uniform j)roduct. One of 
the following sieves should b(i used for these purj)oses : 


Floor sand 
Fucin^j; .sand (coarse) 
Facing sand (fine) 
Farting sand . 


|-in. mesh. 
I -in. njosli. 
^•in. mesh. 
I'n-in. mesii. 


Th(5 material should Ix^ passed repeatedly through thest* sieves 
until a uniform material is obtained, as very thorough stjret'uing is 
desirable for the production of good work. Plain screens inclined 
at a suitable angle are generally used (1. 442). A suspended, 
reciprocating, flat sieves is also very satisfactory. Rotary sand 
sifters (I. 456) are also largely employed, the polygonal shape being 
preferable. 

Very small particles, if in excess, must usually be removed by 
washing (I. 884), the bond thus sei)aratcd being replaced by material 
from another sourh;. 

Artificial Mixtures. — The mixing of vsevc^ral sands, or of one or 
more sands with clay or some other binding agent, in order to produce 
a mixture having all the desired properties, has long been part of 
the work of many foundry managers. Thus, it is cir.^tomary to 
mix a strong sand with one rich in silica ; by this means the desirable 
properties of the first sand are retained, but the coarser mild sand 
increa.ses the proportion of voids and enables the vapours and gases 
produced during the process of casting to escape more readily. A 
sand may not have the texture required for a particular purpose, 
but this can be obtained by mixing two or three sands together. A 
coarse sand may be added to another sand or to a mixture to “ open ” 
it, whilst a high silica sand might be added to give refractoriness. 
8ometinies a sand may bo added to another to reduce the proportion 
of clay present in the former, whilst if the sand which forms the 
basis of the mixture does not contain a sufficient proportion of 
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bond, a highly ferruginous sand, a sand rich in clay, or even a fine 
clay or kaolin, may be added. • 

Some firms use an unnecessarily large numbcT of sands in tWur 
mixtures. Two sands, if skilfully sel(K‘ted, are usually sufficient, 
and only in rare cas(?s is a third re(juired. • The complex mixtures 
in which fi\^e or six sands, as well as one or more bonds, ar(‘ used, 
arc the result of a method of trial and (UTor which may give goocl 
results, but is unnecessarily costly. Jn most cases a much simpler 
mixture would be equally satisfactory. 

In all artificial mixtures used for moulding sands tlu're are only 
three essential ingredients, viz. the (juartz giaiiis, which constitute 
about nine -tenths of the wholt^ mateiial, th(' bond, and, in the case 
of sands which requin^ to be very porous or to ja’oduce a fine surface? 
on the casting, a carbonaceous matcjaal which burns away vdien tlu^ 
metal has enterc'd the mould. 

llie sand which is the source of the quartz grains should conform 
as nearly as possible* to the requirements mcntioneel em ]). 711. It 
she)edd be sufficiently pure not to fuse ew sinter wlu'n in use, anel the 
grains should be of such a shape (}). 104) and size? (p. 105) as te> me‘e*t 
the i)articular require‘nie?nts of the? moulde‘r. As far eis possible 
the grains should all be the same size, so as to secure the j*e‘quisite 
pernieability. Ve‘ry fine sanel and silt should be* abse'ut, or at 
least there should bo as small a ])ercentage as j)ossible? of these 
mate?rials (p. 100). 

Facing sands are? usually e?omposed of much smalle'r partie!le?s 
tlnin other sands, so as to impart a smooth surfae-e? to the casting. 
Whe?ro very small grains are r(*(piired the sanel is usually gre)und 
in a ball mill to the? ele?sired fine?ne*ss. In orele?r to pre?vent any 
coarse material being useel as a faeung, the sanel is ap[)lie*tl to the? 
mould by means of a elust bag, which retains the ce)arso partie'le*s 
and pe?rniits emly the fine grains to pass on te) the surface of the 
mould. 

Sands which contain an exce?ssive* amount of clay may be 
iiuprove?el by grinding theni with a suitable? ])re^portion of sharp 
sand. In some case?s, where a large pre)pe)rtion of le*an clay is 
|)rosent, it may Ik? desirable to add a sharp cle*an sanel anel the?n 
add enough^ plastic clay to se?e?ure the ne*e*e*ssary bineling pe)wer. 

The bom may be e)f clay, ferric hydroxide, oi- of some organie? 
substance. In natural me)ulding sands the bond is usually eithe?r 
clay or limonite (ferric hyelroxide?) or a mixture ejf these substances. 
Sometimes a little organic matter is present, but organic bonds 
are chiefly founel in artificially prepared sands. 

The purpose of the bonel is to form a |)lastic and cohe?rcnt mass 
whie?h can be made into moulds of the? desired shape and with 
sufficient strength to r(?sist the stresses to which they are subj(?(;ted 
when in use. 

The advantages of clay as a bond are its great plasticity and 
binding power and its cheapness. Its chief disadvantage is that 
when heated i^ forms a hard, strong mass which is useless for 



116 ARTIFICIAL MOULDING SANDS 

, I 

making other moulds, though used sand containing clay as a bond 
can, to some extent, be “ restored,” as described on p/ 12G. 

.(Considerable care and skill are required to obtain a suitable 
clay. Fir(‘clays are largely used on account of their refractoriness 
and binding })()wcr, bu^S they are difficult to distribute uniformly 
through the sand, and generally impart an undesirable ‘^stickiness.” 
An (excess of clay should always be avoided, 3 per cent being 
usually sufficumt, as it reduces |xu‘meability and wastes too inuch 
sand by forming a “ burnt ” stonji material. If a sufficiently 
plastic clay of high refractoriness, other than fireclay, is available 
it should b(i tried, as fireclays are by no means pure and contain 
too much fine sand and silt to be really satisfactory. The objec- 
tion to the highly plastic ball clays is that they sinter at too low a 
temperature ; otherwise they would be superior to fireclay, being 
much richer in true clay. 

Damp (^lay cannot be thoroughly mixed with sand, so that 
Avhere possible it is better to introduce tlu? clay in th(^ form of 
day-flour, which is produced by grinding to powder pieces of clay 
whi(th have Ixnm partially druxl in a stove, gnxit care being taken 
not to allow the temperature of the clay to ex(!cc(l 110° C. during 
the drying or it will be partially decomposed and its l)i tiding powtT 
will be riHluced. A further advantage of clay-flour is that an 
exact amount can be introduced into each mixture, whenxis with 
a damp clay much less accuracy is attained. 

Limonite, or other forms of ferric hydroxide, an? (>xcellent as 
a natural bond, but very difficult to prepare in a form suitable 
for making an artificial bond. They should be jiresent in the 
sand or mixtun? as a colloidal gel, and not merely as a jirecipitate, 
and the diffiimlty of prei)aring a suitable gel equably distributed 
over the surfa<?e of the grains of sand is very great. At present, 
tlu? best method of introdiuung iron compounds is to use some 
form of ochre (which is a natural mixture of (colloidal iron hydroxide 
and (;lay) as n^commended by Kampmann in 1S45, but this is by 
no means wholly satisfactory. Hat?matite ore has b(?efi used, but 
this is not sufficiently colloidal. As a general rule, sands for iron 
casting should not contain more than 5-5 j)er cent of iron, and for 
brass easting not more than 7 per cent. 

Colloidal silica has been used to a small extent as a bond, but 
the difficulties connected with its preparation and use are as great 
as those with colloidal iron compounds. 

Many organic substances are available as binders, and are 
particularly useful where it is und(?sirable that the sand should 
be made permanently hard, as is the case when a sand containing 
much clay is heated to a high temperature. Sands containing 
carbonac(M)us materials do not form a hard stony mass, but are 
readily broken up even after prolonged heating ; they are, therefore, 
very useful in core sands, where they are largely used in place of 
clay as a binder.*. 

The organic binders most generally used are flour, gluten, 
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coro-gum, or oth<T forms of starch, glue, glucose, treacle, molasses, 
sugar, or vi.lcous material obtained by evaporating the sulphite 
liquor resultant from converting wood into paper, oil ((‘specially ' 
linseed oil), resin, and sour beer. Some of the above* bonds are 
also sold u^der faiU'v names. These bond?( all burn awav as soon 
as they are h(?atcd by the molten metal, and so ])roduce a ])orous 
mould, from which vapours and gases can readily (‘scape. 

Fhur provides a glutinous substan(!e which is a fairly (‘fficient 
binder, but to get tlui best results the flour should bci rubb(‘(l with 
water, the starch grains allowed to swell by remaining all night 
in contact with the water, and the mixture’ should aft(‘rwards Ix^ 
boiled, so as to prodiuic a starch paste, before it is mix(‘(l with 
the sand. 

(Ufiten and core gum are similar binders, th(‘ latter b(‘iiig jirepared 
from starchy materials smdi as pcjtatoes ; about 5-10 ]K‘r cent of 
gluten is requin'd. Tn France a preparation consisting essentially 
of gluten or gliadine, tormed agglutinol, is sometim(‘s us(‘(l for 
casting bronze. Glucme has been used to the extent of 2-5 p(‘r 
cent for malleable ste(‘l easting. All thes(^ materials aiv useful 
as binders ; tlu^ chief objection to them is that they I’eadily absoi b 
moistur(‘, and so tend to cause d(^wing on the surfa(‘c of the moulds 
and cores ; if the metal is poured into the “ Ix'dewed ” moulds, 
blowing is almost certain to occur. Where the moulds and eor(‘s 
an^ used quickly th(‘r(^ is no objection to tlu* use of a glutinous oi* 
starchy binchu*, but they should not b(^ k(^pt in the W(‘t state in 
stock a long time, 'riie decomposition of the starchy and glutinous 
mat(‘rials is another undesirable feature. Such ndxtures should 
not be used when (tasting aluminium. 

Treacle, molam',s, sugar, and old beer ar(^ also useful binders. 
One part of treacle to 25-30 parts of wat(‘r is commonly us(hI ; 
too “ thick ” a licpior does not distribute itself j)rop(5rly among 
the grains of sand. 

Oils of various kinds ari^ us(‘(l as binders, limeed oil being 
particularly f) 0 [)ular for imudds for various m(‘tals, including 
bronze. For iron, mixtures of linseed oil and (h^xtrin, or lins(‘e(l 
oil and molasses, have been used, 2-5 per cemt being re([uir(xl. For 
very complicated cores, 2-6 lb. of whale oil to each 200 lb. of sand 
has been iised. Two parts of whale oil and one part of boiled linseed 
oil is also very satisfactory. Fish oils are undesirable; on account 
of their odour. Cores made with sand with about 3 per cent of 
oil are very useful in casting the combustion chambers of gas and 
oil engines and the parts of cylinders wh(‘r(; the core is (‘iitiri*!}' 
surrounded by metal. 

The amount of oil required vari(\s with the size of the ])articles 
of sand and the proportion of clay present. As clay absorbs oil, 
a larger quantity will b(; required than when a clay-fr(*(; sand is 
employed.' It is a mistake to u.se damp sand or to add wati‘r when 
using oil as a bond, as water acts as a repellent tA oil and i>rcvents 
the grains of satid from being uniformly coated with oil. 
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Moulds, and particularly cores, made of sand bonded with oil 
aVc cheap ; when properly dried they are hard, and ^vill maintain 
* thtdr proper form and firmness with a minimum of support from 
core rods and irons ; they are also very peruit;able ; an excess of 
oil, however, must be avoided. The drying or baking of oil-bonded 
moulds and cores needs care, as they crumble away if overheated, 
whilst if “ dried ” at too low a temperature, or for too short a time, 
a large amount of gas is produced when the mould is being poured. 
When propt'rly dried or baked, watef should be absent, and there 
should be just sufficient oil left in the sand to k(‘ep the core firm 
and hard. The proper drying of oil -bonded moulds and cores can 
only be learned by (txperienee. 

Resin is used as a binder, especially in small cores of com- 
plicated shape, for which it is very suitable, 1-3 })er cent being 
usually employed. 

Any solid organic binder must, of course, be finely ground so 
as to be (i verily distributed through the sand. 

The amount of organic binding material used should b(‘ as 
small as possible, on account of the amount of gas (‘volved, and 
also liecause an excess of bond does not (airbonise jiroperly, and 
so jirodiices a weak mass unless an excessive amount of heat is 
applied in drying or baking ; in the latter case the carbonaceous 
matter is partly volatilised and partly converted into useless 
carbon or “ char,” so that its binding power is lost. 

All artilicial bonds, other than (;lay, ai’e weak, though some, 
such as oil, produce strong moulds and cores after tlu^ lattiu* hav(‘ 
been baked or driiKl. There is ample scf>pe for the invention of 
new bonds which will give tht; moulds the same strength as the 
clay in natural moulding sands without the “ burning ” which 
necessarily occurs when clay is heated. The chief advantage of 
organic binders over clay is that sands containing the latter “ go 
dead ” when used, becamso the heat from the molten metal bakes 
the clay and the sand in immediate contact with it, producing 
a stony or brick-liki? material which cannot easily be sef)arat('d 
and which cannot be reconverted into clay. Tlu^ organic bonds 
are destroyed, but they do not damage the sand to the same extent 
as clay. , 

Openers are materials added to a moulding sand to increase 
its permeability. They usually consist of organic substances such 
as sawdust, coke- or coal-dust, or various waste products, such 
as horse-dung or manure, cowhair, and pease-meal. Cinders from 
blast furnaces are also sometimes used. Ground silica rock, or 
preferably ganister, which contains about 5 jx^r cent of clay, is 
largely iisixl to open up fine sands and compos (p. 79). Oil, 
treacle, and other organic binders (p. 117) also act as openers. 

Any material, to be suitable for “ opening ” or increasing 
permeability, may be in the form of a liquid, such as treacle, etc. 
(p. 117), or of a ‘solid. If the latter, it must be sufficiently finely 
ground to avoid the formation of unduly large porey. 
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The proportion of o]K*ner to be added depends so imich on tlie 
naturci of tlu? (listings to be made and on that of the sand ’isefl 
that no definite figures can be given as of general applicatif>n. 
Too little opener will obviously fail to allow th(> gas(‘s to (*scape 
properly ; ^oo much will be wasteful of a •luaterial which is more 
costly than the sand, and a very lai’g(^ excess may so wt'aken the 
sand that it cannot be used satisfactorily. As the sand is used 
over and over again the pro])ortion of o]iener present tcmds to 
increase, so that a used sancf does not require so much o])enei’ as 
a new sand. Whatever open(>r is used, it should bt* free from 
a high percentage of ash or it will reduce the heat-n'sistaiice of 
the sand. 

Facing sands are frequently opened with organic matter, which 
not only j)ermits the gases to escape, but, being of a neutral charac;t(‘r, 
facilitat(‘s nunoval of the metal by assisting in preventing the 
adherence of the sand ; it also aids in producing a smooth surface 
on the casting. When the molten nudal comes in contact with 
the opener (e.g. coal-dust), there is an instantaneous generation 
of gas which forms a layer just for an instant bc'fon^ passing through 
th(? mould and persists sufficiently long to cause the riudal to glide 
over without affecting the itiould ; again, with another opener, 
such as oil, the heat of the molten metal may cause the sublimation 
of hydrocarbons from the rich gases, whicdi pt;rsist sufficiently 
long to hav(> tlu^ same effect and are afterwards absorbed into the 
m(;tal or burnt away. Both actions may take place in the same; 
mould, and it is claimed that a film of graphites, if ground very 
finely, will burn and produce gas in a similar manner. The action 
of coal-dust may readily be demonstratiMl b}^ making two greem 
sand luoulds, tlu^ facing of one containing coal-dust and the oth(‘r 
being used without it. The castings |)roduced in the mould 
without coal-dust will b(^ of a dirty white or grey colour, on account 
of their being covered with a skin of })artly fuseul silicates derived 
from the oxides in the sand. Sin^h skins are often removed only 
with great difficulty from the castings. When coal-dust or equivalent 
material is used, "however, a clean casting is producial. The use 
of coal-dust in this way is not always desirable, as it may have 
the same fiTect as working cold-short nudal. This is, according 
to Sharp, especially noticeable at the t(‘(dh of small spur wheels, 
which should not be cast in facing sands containing coal-dust. 
An (excess of coal-dust is undesirable for pr(q)aring castings which 
are to be anneak^d, as too much carbonaceous matter forms a skin 
of magnetic iron oxide on the castings and pr(?vents their ])roi)er 
annealing. This precaution is specially important if the artic^les 
are afterwards to be tinned. 

The presence of coal-dust in brass-casting sands is also harmful, 
as it tends to cause pitting and irregular vein-marks on the finished 
article. The addition of pease-meal (p. 118 ) is more satisfactory 
for the purpose. * 

Where coab-ilust can be used satisfactorily, it is generally added 
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in the form of a finely -ground, rich gas-coal or sea-coal, such as 
that mined in South Wales. The coal should coiftain at least 
‘15‘>i)er cent of volatile matter and less than 10 per cent of ash. 
\n excessive proportion of ash will cause the (tastings to have a 
vhitish-griiy ap[)earancc and a rough surface. 

The size of the particles of coal-dust varies according to the 
lature of the castings to be made ; for very light (\astings an 
exceedingly fimily-ground dust is desirable, whilst a slightly coarser 
/et still Hue ‘‘ grist ” should be used fdr heavier work. The medium 
ind coarse grades of coal-dust will be required for the larger classes 
)f castings, in which it is necessary foi* the giuierated gases to be 
;arried away quickly. When coal-dust of too coarse a giadii is 
ised, small “ pits ” are l(‘ft on the face; of the casting. 

Th(‘. [)ro portion of coal-dust or other opimer depends on the 
nature of the castings, but is usually between 5 and 15 piT cent 
of the weight of the sand. The heavier they are, thi^ gri'atm* must 
be the proportion of opener in th(^ sand, but too much must be 
avoidiid, as it will give the eastings a “ veined ” appearance. For 
motor cylinders and similar light castings, I ])art of coal-dust to 
10 parts of sand is usually satisfaidory, whilst for heavy work 
1 part of (!oal to 7 parts of sand is Ixdter. McWilliam and Longmuir 
r(K!ommend 1 part of coal-dust to 8 or 0 ])arts of sand for castings 
exceeding 3 in. in thickness, whilst 8har[> suggests tlu' following 
composition for a goo<l facing material : 

Black lloor sand . . . I0])arts. 

Now river sand . . . 

Coal-dust I part. 

For high-temperature work the more modern practice is to 
discard the use of an opener in the facing sand and to use sand 
only, th(5 Hnished surface of the mould Ixdng coated with a “ black- 
ing ” compovsed of graphite, coke, or charcoal (p. 78). Such 
coatings have the same effect as the presemre of carbonaceous 
matter in the sand itself, but with the advantage that they do 
not contaminate the; sand. In the okU^- practice the coal was 
mixed with the facing sand, and when a layer of facing, sand about 
1 in. thick was used only a small proportion of the coal in that 
layer was gasified, so that if the facing sand was used over and 
over again or mixed with the floor or backing sand the latter 
would gradually Income too lean to be used, on account of the 
increasingly large proportion of coal-dust. The more modern 
method of using a plain sand and a coating of blacking simjiliHcs 
the moulding, as only one sand heap is used : since the latter is 
far less liable to be contaminated with carbon, both labour and 
money are saved. 

The mixtures given in Tables XL VII., XLVITT., XLIX., L. 
are typical of the moulding sands artificially prepared and used 
in various parts of the country. 
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TvyiLK XLVII.— Facing Sands fok Casting Ijion 


rarl-* liy Voliiiiu'. 


9 

A.. 

ik * 



o.t 

K.t 

New sand .... 

20 

2ti 

10 

o 


Hlack sand 

:io 


20 

10 

:i 

Coal-dust .... 

5 


0-10 

1 


lioad sand 


20 

20 



Rod sand .... 





2 

Manure .... 


2-t 





* ypxtDti atpl IMiiiirosc, I'rhu'ipha of Iron Founiiim/. 
t . 1 . Sharp, Modern Foundrn I'rnvtiee. 

Tahlk XLVIir. Loams 



• Uiu liatiaii, The Monider’x Dklionnru. 
t J. Sharp, M cuter n Foniidri/ i'rnetice. 

A is lor cast iron, IJ and K am heavy lt)ains for larm* work, 0 is a linlitrr loam Cor mpdiiini- 
sizp(l work. All tlircc slionld he niilhMl witli clay water. I) ami !■' arc Cacitin loams. 


TaULK XLIX. COKIO AllXTLiKi:S 



Fine. 

Medium. 

Ifcjivy. 

• 

New saiul 

71 

44 

:io 

Road sand . 


44 

11 

Floor sand . 

24 

12 

;io 

Manure 

5 


11 


The ammonium chloride in C ('I’ahli' L.) sublimes when heated, 
thus giving a clean face to the casting. Mixtun^ G requires to be 
mixed with dextrin solution, as it has no intrinsic binding power. 

Floor sands should consist of an open sand of moderate coh(‘sion, 
such as red Worksop or yellow Erith sands. As they are used 
repeatedly they gradually l)ecome contaminated Vi th burned clay, 
carbonaceous matter, etc., and should therefore be sifted occasionally, 
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Table Jj.— Compos fou Casting Steel 


I • 

For OftstiriKs up to 

2 In. thhrk. 

For over 2 in. thick. | 

Piirts by VolniiH?. 


h\ 

Vf.Junic 


1 A.* 



I).* 

K.* 

F.t 

(J.t 

01(1 facing sand . 


«0 

ao 

0 




Old onicibles 

13 



50 




Firo-brieks . 

13 



25 


10 


White clay . 

14 

r» 


15 

20 

10 


Fireclay 



0 





Coke -dust 

7 



5 




White silkia sand 


25 

ii 


SO 


50 

(Iraphite 


10 




OS 

50 

Aintnonium cliloride . 



5 






* Jiuclianan, The Mouhler’a Dklionarn. t Hockmaiiii. 


as otherwise they become I(‘an and useless. (See also Restoration 
p. 12(1.) 

Milling. — The term “ milling ” is applied in found n(\s to two 
entirely distinct |)roee.sscs, namely (a) the enishing or grinding 
of pieces of material which are too large to Ix^ of use and, therefore, 
require to b(^ reduced to much smaller-sized pieces, such as sandi 
and (6) milling proper, which consists in mixing the various materials 
together so as to form a perfectly uniform product. 

The crusUruj of materials used in moulding sands is usually 
done by the firms who su[)ply them, but used sand, broken crucibles, 
etc., may re(piire to b(^ crushed in the foundry. For this purpose, 
a high-speed disintegrator (I. :ir)2) is usually the most convenient 
and satisfactory ma<;hine : a popular one consists of three con- 
centric cages, one stationary and the other two revolving at about 
1000 revs, per min.; this mill requires about :L4 h.p., and will 
treat 2 tons of sand p(‘r hour. Some of the otlu^?- disintegrators 
described in \"ol. 1. pp. 352-850 are quite satisfactory. 

Whilst a disintegrator is best for geiujral work, a ball mill (I. 305) 
must usually be employed when a vcuy lim? powdc'r ip required. 
Centrifugal mills of the Griffin type (1. 371) have also been used 
satisfactorily. 

The crushed material should be screened (I. 441), no unduly 
large pieces being present. 

The proportioning of the various materials which enter into 
the composition of a prepared moulding sand is sometimes effected 
by weighing and sometimes by measuring them. Weighing is 
much more accurate, and should be adopted wherever possible. 
When it is not desired that the workmen shall know what pro- 
portions are employed, specially made weights are sbmetimes used. 
These have the additional advantage of making mistakes mor^ 
difficult, as only one weight is used at a time. 
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Adding Water . — There is considerable difference of opinion as 

to when watfer should be added to tlu^ sand or sand niixtureH 
If the materials are prepared dry and water is requin^d to render 
the mixture plastic, it should usually be add(?d in the mixing or 
milling stage, but some foundrymeii prtddi’ to add the water to 
the jnilled sand and then lay the latter aside for some time to 
allow the water to become uniformly distributi'd. Uniformity of 
distribution of the moisture is so essential that no })ains should 
be spared to secure it. If, ior any reason, it is thought best to 
add the water after, instead of just prior to, the milling, a pei’iod 
of storage is essential, after which tht^ sand shoukl be passed 
repeatedly through a |-mesh sieve until it is reasonably certain 
that the moisture is uniformly distribubMl. Sand wliu^h has been 
milled and bo(;ome too dry may be sprinkled with water, allowed 
to stand overnight, and then screened ixqx^atedly. It is most 
important not to add too much water, and only in (^xec‘])tional 
circumstances should the milled sand contain mon^ than () jut 
cent of water. 

The rnillimj lyroper or mixing of the materials in the desired 
])roportions is a very important process, and it is ne(*<‘ssai‘v that it 
should be properly done, as otherwise a largt? piu'ccuitagi^ of wastt5 
castings will be pr‘oduc(Ml. Moulding sands wlrieh havr^ not been 
suffi(i(mtly milled ai’e irregular in composition and unreliable in 
use ; over-milled sand, especially in medium and heavy work, 
spoils the surface of the metal on account of its being so im])ervious 
to gases. 

Before th<^ introduction of machine milling, moulding sands 
were mixed by hands and feet, the material being aUeinately 
trodden and scraped down with a round stick. The kneading 
produced by this treatment mixed the sand very thoroughly and 
secured the uniform distribution of the moistures through thcj 
mass. The process, however, took from 1 3 hours, and was teulious, 

slow, and expensive, though viwy (effective. Anothc^r irudhod of 
mixing by hand consists in stirring the matiuials several times 
and passing the rough mixture through a siev(‘, th(^ Stirling and 
sieving being continued until each particile of sand is covered with 
a film of binder. At the jii'escnt time, mixing is done almost 
entirely by machinery, but sand for heavy castings should not 
usually bo milled, as this treatment reduces the porosity and 
permeability. Hand mixing is best for such sands, unless they 
are artificially prepared from sand and clay or some; oth(>r binder, 
when milling may be necessary to ensure th(5 jiasting of the grains 
with bond. 

Mixtures of oil and sand also should not usually txj treated 
in an edge-runner mill, as the grinding takes the edges off the sand 
particles where a sharp sand is used, and forms too much dust. 

If great care is taken, they may be milled satisfactorily, otherwise 
they should be rubbed by hand or mixed in a padftle-mill. 

The purpose^ of the milling proper ls to mix the sand and other 
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materials together so as to produce a completely uniform mixture 
df the desired consistency. It is not intended*^ that the sand or 
rock shovdd he gro\nid during the mixing ; on the contrary, all 
grinding action should 1 k^ minimiscHl as far as })ossible. 

It is sometimes corivenient to (;<I(^et a preliminary ^jUiixing, say 
of sand and (;oal, by passing the materials which have been roughly 
mixed by hand through a disintegrator, but the objection to wsuch 
treatnuuit is that, in the subsequent sifting, materials are removed, 
whi(!h alters the proportions of these ‘in the powder. If a machine 
of suitabh; design is used, (excessive grinding may be avoided and 
a thorough mixing effected. A typical sand-mixer of the Carr 

type is shown in Fig. 5. 



It is often convenient 
to use a horizontal inixer 
in preference to a vertical 
one. In Hall’s mixer (Fig. 
()), four cages are mounted 
in pairs so as to revolve 
in opposite din'ctions, the 
outermost and third cag<^s 
being driven by a pulley 
loos(‘ly mounted on the 
shaft and tlui altei'nate 
eag(\s being attached to 
the shaft and driven by 
a second pulley. Th(^ sand 
is thrown into the hop 2 )er 
and, after Ixung mixed, 
falls in a lu'aj) on the floor 


a. K. r. Hall, shefficu. around tlu^ machine. Th(> 


use of roller bearings in this 
machine is an impoi’tant 
feature. 


It is very dillicult to secaire a sufficiently uniform product with 
a pug-mill or other appliance consisting of an outer casing with an 
inner revolving shaft carrying blades oi* knives, as the sand is not 
required to bt; in a sufficiiuitly soft paste. A centrifugal sand- 
mixer made; by S(41(n-s consists of a shallow chamber in which 
a numbei* of stirrers rotate, thus churning up the mass. This 
machine ensures very thorough mixing without altering the shape 
or size of the grains. 

Much b(dt('r rc'sults are obtained by a process of mulling, in 
which the materials are rubbed together on a plate by means of 
a muller, or, if this is too slow an appliance, by means of heavy 
rollers revolving on a flat pan and laiown. as “ edge-runner mills ’’ 
or “ pan mills.” These machines effect a thorough kneading and 
mixing of the damp sand, and, when properly designed for the 
purpose, are sui^uior to any other mixer for moulding sands, on 
account of the extent to which they coat the grains of sand with bond. 
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MKje-runner mills are used for milling moulding sands more 
than any oth^r type of mixer. Th(\v are usually 3-() ft. diametei*, 
with a solid bottom or pan, runner, or rolls from 1 ft. (> in. 3 ft. Ojn. 
diauu^ter and O-lS in. wide, and weigh 3-30 ewt., the most con- 
venient being about 3 ft. diameter, 15 in. wide, and w(Mghing 
about 12 eAvt. They shoidd not be too large or heavy, or they Avill 
crush the materials instead of mixing them. 

The rolls may b(‘. plain, grooved, or fluted. The author has 
obtained thc^ most effective iiixings by means of an (‘dgc’-runmu* 
mill Avith a revolving ])an and three serap(‘rs to (‘iisure the mat('rial 
Ixung turned over repeatedly and kept as long as ])ossible bencaith 
the runners. Some materials recpiire a longta- time for juulling 
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than others, but 20 mins, is an aA-erag(^ pia iod. As explained on 
p. J23, over-milling should be avoided. 

Undue grinding may be ])rev(ait(‘d by kec^ping the rmmvm 
slightly above the ]ian (a Aery small fraction of an inch is siiflitaent) 
and by driving the [)an instead of tlu; Tunmus ; th(^ latter n^volve 
as the result of the; friction IxitwTcn tlumi and tlu? sand in tlu* j)an. 

The material to be milled should contain just (uiough Avater 
to give it th(i nxpnred consistency Avhen tlu^ milling is (*omj)leted. 
It should not be Avet enough to form a pastes ; on the c;ontrary, 
the drier the sand, provided it has sullieient ])lastieity, tla; better. 

Aerating Sands . — In order that sands Avhich have once been 
used may be rendered permeabk? to gases, they are [)assed through 
a disintegrator (j). 124), which reduces any lumps or conglomerated 
masses to a loose powder. The ])rocess is known as acTating, 
though actually it is a simple crushing process. * 

Sifting is desirable after the sand mixture has been mulled, 
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as edgo-runnor mills tend to compress the material into cakes, 

which may cause “ scabs ” on the metal. c 

• Maturing the. Snn(J.-—M.Qst moulding sands an? improved by 
storage in a cool and dry place for some hours, and still mon? so, 
if they (uin be kept without becoming too dry, for a fortnight, 

though a short storage of a few hours (say ovorniglft) is better 

than none. This storage permits the water or other fluid present 
to distribute itself uniformly through the mass. 

Reclamation of Old Sand . — Much i«aluable sand is thrown away 
as waste which might be reclaimed by suitable tn?atment. This 
is parti(!ularly the case with old facing sands and also with floor 
sands. Thus, the sand containing an excess of charr(?d binder is 
often thrown away, but it has betm found by W. F. Prince that 
by grinding it with a sharp rock sand much of this carbon fllm may 
be removed and the sand may then be supplied witli a fresh organic; 
bond and used as n(;w sand. 

Sand which has been u.sed gO(\s dead ” or is “ burnt ” chiefly 
because the binding agent in it has been dt'stroycd by the heat 
from the molten nu'tal or in the process of “ baking” the; moulds. 
The change is dm? entirely to the decom])osition of the bond ; in 
the case; of a clay bond, the clay is converted from a i)lasti(! material 
composed of a large number of minute grains, each easily separated 
in water, to a hard, stony ma.ss, which is devoid of plasticuty and 
can only be r(‘du(;ed to powder by intemsive grinding. Eveii then 
its plasticity cannot be restored by any artificial nu'ans ; the clay 
is us(;less, and, what is worse, the sand particles which have been 
united with the burn(‘d clay are equally useless, as th(;y cannot 
bo separated from it. 

Only that portion of the sand which has been heated sufficiently 
to d(;eompose the clay is “ d(;ad ” or ” burnt ” ; the remainder 
is as good as though it had not been us(;d. The difficulty is to 
separate the burnt sand from the unaltt>red material, and no wholly 
satisfacjtory method has been found. Some; of the principal 
mtdhods used are described later. With an iron bond (p. 99) 
a similar decomposition occurs, but the restoration of the iron 
compound is much more easily effected, and in any case the; burned 
product is not so hard and stony as that from e.lay^ With an 
organic bond, the product is a charred ma.ss, which is relatively soft, 
but very tenacious and diffiiailt to remove by mechanical means. 

The method which is most suitabh; for restoring a moulding 
sand must b(‘ varied to suit the nature of the sand. Thus, in a 
clay-bond(;d sand free from added organic bond, th(; useless material 
is in comparatively large pieces, and most of it can be separated 
by passing the sand over a pair of suitable screens or sieves (1. 442), 
such as a 25-mesii and an 80- or 100-mesh sieve respectively. 

The reclaimed sand, as well as the waste material, should be 
subjected to the ac^tion of a magnet in order to remove any metallic 
iron, which wouUl otherwise be lose. A method which may be used 
for this purpose is described in Vol. 1. p. 430. 
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The coarse material rejected by the 25-mc8!i sieve may be 
passed thronjjh a disintegrator (I. 352) and reduced to powdi« 
and the product scrt^ened on the two sieves just mentioned. TJhc’ 
material passing the 80- or lOO-mesh sieve is usually too iine to 
be of use for ordinary })urpos<'s. MoreowT, it contains all the 
dust and riJw clay. The chief disadvantagt' of this treatment is 
th(i removal of the usc^ful clay bond, which has to be r(‘plaeed by 
added clay ; the latter, however, is seldom so satisfactory as the 
clay which occurs naturally, in the sand. A furtlu^r drawback 
i^ the difficulty of passing the fine material thrf)ug]j the SO-mesh 
sieve, as moulding sands usually behave as if they wert* slightly 
damp. This difiiculty may be avoided («) by washing the sand 
and carrying off th(^ fine particles in sus|)ension (but this lU'cessitates 
drying tlu^ sand afterwards), or (h) by means of an air-separator ; 
this is usually sufliciently satisfactory, though tlu' separation 
effected is not so sharp as when the sand is washed. 

When the sieving and disintegrating treatnumt just recommended 
is regarded as unnecessarily costly, it will som(‘times suffice^ to 
pass the used sand through a Rapp R(ndvifier (I. 353), which is 
very f)opular in the United States. 

When the used sand contains a burnt organic bond, the latter 
may be loosened by mixing the old sand with the nc'W sharp sand 
in a rotary drum containing a number of steel balls or pebblt;s, 
th(i drum being rotat(‘d slowly so as not to grind the sand too fine. 
The product is then jiassed into an air-separator to remov(> thci 
fine material, which contains most of the loosened and usedess 
decomposed bond. Alternatively, the organic matter may be 
burned out by Idowing the sand through a hot furna(*e or burner, 
and aft(u-wards screening it to remove material whicdi is too coarse 
or too fine to b(> of service. This method is not nuilly satisfactory, 
as it recpiires very careful manipulation and is costly. 

A used sand is, of necessity, defichmt in bond, so that a further 
■ quantity of bond must la? added. Fireclay is generally employed 
on account of its refra(;tonness ; Imt when^ this is not of great 
importance, hu'ruginoiis clays may be more suitable. 

The difficulty experienced in causing the clay to (*oat all the 
grains of sand without making them sticky is veu y scuious, and lias 
never been fully overcome. If both clay and sand are kept dry, 
the covering of the grains of sand is incomplete ; if tlu; clay is imule 
into a slip or slurry and the sand mixed tlu'rewith, the producjt 
is almost (;ertain to bt; too sticky. The formiT method is gtmerally 
adopted, the dry clay and the sand being tumbled togiithcr in a 
drum or other mixer, or, better still, tr(*at(‘d in an culge-runnei’ 
mill (p. 124). 

Various attempts have been made to restore or revivify mould- 
ing sands by the addition of chemical substances. Unless these 
are bonds, th(?y cannot make good the bond destroyed by the 
use of the sand, and such non-bonding chemicalsiare therefore of 
small value. 
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The customary method of restoring old sand by mixing with 
a large proportion of new sand is very imperfect, and cannot 
be, regarded as satisfactory ; it is merely a makeshitt until better 
methods are introduced into the foundry, and it is in any case 
extremely wasteful. , 

The great disadvantage of applying any method di reclaiming 
or restoring used sand in British foundritvs is that in most cases 
natural sands arc used and any extensive reclamation will involve 
the; introduction of artificial mix^ires, which are admittedly 
interior to the best natural sands. Whether the difference is 
sufficiently great to be considered is srTiously open to doubt, as 
the f(Hv British foundries where I'cclamation is seriously attempted 
have benr^tited greatly by doing so. In the course of time the use 
of artificial mixtures will Ix^come imperative, as the supplies of 
good natural moulding sands arri distinctly limib'd, and as they 
ar*e worked out they will have to be replaced by artificial mixtures. 
It would be a much wiser policy on the ])art of British foundry mt'ii 
to reclaim as much spent or us<xl sand as jmssibk;, as tlu‘y would 
not only effect a considerable saving in their sand-bill, but at the 
same time they would be gaining experience in the pre])aration 
of synth(‘tic sands which will stand them in good stead in future 
years, when the shortage of natural sands b(‘comes siu’ious. 

Testing Moulding Sands.— The principal tests to be applied to 
moulding sands are the following : 

1. Chemical amhjsiH (T. 2.‘17), including a deterjuination of the 
moisture present, which is important. 

2. Mineralogical examiruition (I. 250), especially as regards the 
percentage of (piartz, clay, and fluxes. 

3. A Sizimj or CraiJmj test (I. 240), to show the proportions of 
coarse, medium, and fine sand, silt, and clayey matter. 

4. A Microscopical examimitmi (T. 241), to d(^ti;rmine the shape 
and otluu’ prof)ertics of the grains and also the natures of the 
impurities present. 

5. PlasticiUj or Bowl absorption test (I. 245). 

0. A Refractoriness test (1. 200). 

7. A Porosity test (1. 201). 

8. A Permeability lest (1. 203). 

9. Strength tests, i.e, (a) temsile, (6) crushing, and (b) transverse 
strength tests (1. 205). 

The testing of the strength of moulding sands in the green state 
(p. 77) is very difficult, especially when the sands an; very mild. 
The determination of the transverse strength is particularly difficult, 
and as a substitub^ for it R. C. Lindstrum has suggested that the 
test bar should measure 12 in. x 1 in. x 1 in., and that it should be 
slowly pushed along a glass plate until the overhanging portion of 
the bar is greater than the strength of the mat(?rial and the bar 
breaks. Lindstrum has stated that such a bar should not break 
until it projccts<at least 2J in. beyond the edge of the plate. 

In some cases it may be desirable to separate the clay or bond 
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from the sand and to test the strength of the bond. These tests arc 
usually made fti the following sized pieces : tensih^ test on 8-shaped 
piece with breaking sc^ction 1 in. x I in., as used in testing Portland 
cement; compression test, 2 in. x 1 in. x 1 i]^, ; transverse strength 
test, 4 in. x kin. x 1 in. between sup])orls. It is usually n(‘et‘ssary to 
ra?n all the test pieees to a definite (lensity, e.g. 1 -75. It is desirable 
that moulding sands should be frecpiently tested for tensile strength, 
as this is related to their plasticity and cohesion, which are most 
important propertic^s, so that d any sand is btajoining unduly weak 
it may be n^vivilied or a new supply of .sand added. 

10. The shrinkage on dryimj may be of importance in some 
cases, particularly in loams. 


Hand for lining Mktallurgicai. Furnaces 

Sand is used to a (xmsiderable (‘xtent for lining th(^ healths of 
open-hearth furnaces and cupolas and for the insick's of ladli^s and 
oth(ir articles used at very high temi|)(‘ratur(‘s. Tlu; luopiuties and 
us(^ of sand for these jiurposes an; described in the si'ction on 
Sands as Refractory Materials ((/hapter VI 1.). 


Sand as an iNimEoiENT in JMetal Mixtures 

Sand is sometim(;s u.sed instead of ferrosilieon to introduce 
silicon to m(;tals ; carborundum sand (1. 80) has also been used 
for this purpose and also for the production of metallic! silicides 
and (|uat(;rnary steels. The sand should be sufficiently fine to 
combine readily with the molten nic'tal and sufiic!iently |)ure not 
to introduce undesirable impuriti(;s. A white sand containing at 
least 96 per cent of silica which pas.ses completely through a OO-mesh 
.sieve is usually satisfactory. The shape . of the grains is not 
important. 


Sand used in Smelting and Refining Metals 

Sand is used, to some; extent, in the smelting of orc's and the 
refining of metals to combine with any basic materials j)resent 
and form a slag which rises and leavc's the medal comparatively 
pure. Thus, (!opper ores, ricjh in sulphides, are mixed with silica 
or a siliceous ore to combine with the; iron oxide; formed wh(;n the 
ore is roa.sted. In l(;ad smelting, .silica is also used for a similar 
purpose. The convcTsion of copper matte*s in a Bessemer converter 
is also effe(;ted by mixing them with about one cpiarter to half 
their weight of quartz. 

The sand used for fluxing need not have any s|K'cial properties, 
except that it should con.si.st as far as possible of /ree silica. All 
the other oxides and minerals present in impure sands are quite 
useless for fluxing purposes. Hence, the best sand is that which 
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leaves the smallest residue when heated with hydrofluoric and 
sulphuric acids. The percentage of silica present is' not a reliable 
guide to the purity of the sand, as silica in the form of felspar, mica, 
etc., is useless to the si;nelter and refiner. 

The silica may be in the form of quartz, quartzite, o. sandstone ; 
the material is crushed to fairly small pieces, but need not necessarily 
be reduced to powder. 

Carborundum sand (I. 8fi) has ^also been used as a flux for 
reducing copper, nickel, and lead from their chlorides. 


Use oe Sand for Welding 

Sand is sprinkled on the surfaces of pieces of iron to bo welded. 
This forms, with the oxide on the surfacics of the metal, a fusible 
silicate, 2Fe() . SiOg, which protects them from further oxidation, 
yet is easily squeezed out when the two pieces are pressed or 
hammered together. By this means, good metallic contact is 
produced and a good weld is obtained. Larger pieces of metal are 
sometimes heated in a sand-bed for the same purpose. 

The sand used in this way should consist of very small particles, 
and should be passed through a 50-mesh sitwe before use. As only 
the silica is required, any impurities are objectionable, and the purer 
the sand the better. No other social qualities are required. 


Use of Sand for Enamellincj Metals 

Sand is used in the preparation of enamels applied to im^tals. 
These enamels are really glasses, land the sand us(‘d in their manu- 
facture should have the same properties as the sand used for making 
glass. The presence of silica in enamels hardens them and increases 
their resistance to acids and to heat. An excessive proportion of 
silica causes the enamel to “ chip,” whilst with an insufficiency of 
silica the enamel is very liable to crack with slight changes in 
temperature. 

• Fine river or pit sand, small fragments of quartz or flint, or any 
form of free silica which is sufficiently pure may be lused, but the 
most suitable sands are those used for making white {i.e. colourless) 
glass, though for dark-coloured enamels sands which are rather 
less pure may be used. 

For most enamels the sand should contain 97-99 per cent of 
silica and not more than 0-33 per cent of iron oxide. A small 
percentage of alumina, preferably in the form of felspar, is desirable, 
as it increases the brilliance, hardness, and refractoriness of the 
enamel and enables it to adhere more firmly to the metal. Un- 
fortunately, alumina renders the molten enamel more viscous, and 
consequently spme difficulty is,, experienced in pouring it. An 
excess of alumina is objectionable as it makes the enamel opaque. 

Sands to be used for enamelling should be fiee from clay, for 
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although it forms one means of introducing alumina it is inferiiu’ 
to felspar. Moreover, it is difficult to find a sand containiiyjj a 
suitable proportion of clay without also containing too much iron 
oxide, which discolours enamels. It is therefore better to avoid 
clayey sanKs in the preparation of (‘namels. 

The presence in the sand of a small projiortion of lime, potash, 
and soda is not objectionable, but tiu? projantion of magnesia 
should be as low as possibl(\ ^s it mahes the molten (‘nanu'l viscous. 

The shape and size of the grains should be the samc^ as in sands 
used for glass-making (s(‘e Chapter XII.), exee])t that the ])roj)orl ion 
of rock flour, silt or dust ])assing througli a 2(K)-m(‘sh sieve should 
not bo large, as extremely minute parti(;les of siliea rapidly attack 
the crucibles in which the enamels are melted during their 
preparation. 






CHAPTER VTI 

THE USES OF SANDS AS REFRACTORY MATERIALS 

As previously explained (1. 230), silica, wlien pure, is a highly 
refractory material, and (!onsequ(‘ntly has many us(‘s in furnaces 
and other situations where high tempera turrvs are attained. As a 
refractory mat(U‘ial, sand is used in four ways : (a) as a sand, (6) 
in tht^ form of bricks or blocks eompos(xi of sand or crushed rock, 
bo\ind tog(?ther by a suitable agent, such as lime or clay, and used 
as refractory materials in the construction of the furnaces, etc., 

(c) as an ingn'dicuit in the materials used for certain crucibles, and 

(d) as a constituent of a refra(‘tory (uuiumt or compo.” 

Th(> ])rincipal retpiirements in sands and (jrushed rocks which 
are to be used for refractory ]mrpos(;s are, of ('ourse, a high degree 
of refractoriness (p. 13S) and in(‘rtn(^ss, which are dependent on the 
chemical composition of the mateiial and on the size and shape 
of the grains, but other ])roperties must also Ixi taken into con- 
sidei’ation, if the best possible product is to be obtained. 

Sands for Furnace Linin(!S 

Sands and crushed rocks are used in various metallurgical 
furnaces, es[)ecially those of the open-hearth tyfx?, for the con- 
struction of the hearths and the lower parts of thc^ sides of the 
furnaces. Thus, in the open-hearth furnaces used for making steel 
(Fig. 7), the bottom of hearth is formed on a foundation of brick- 
work by placing upon the latter a series of layers of siliceous 
material, the lowest consisting of crushed silica rock, wdth which 
a small proportion of sand is mixed, the succeeding layers con- 
taining an increasing proportion of sand until the topmost layer 
consists almost wholly of sand. The material for each layer is 
placed on tlu^ hearth and banked up at the sides in layers about 
J in. thick, until a total thickness of 3 ft. or more is attained. The 
sides of the hearth are sloped to the “ angle of rest ” of the sand. 
The purposes of the sand-hearth is to provide a bottom or basin 
which will not rpact seriously with the metal, and yet will absorb 
any slag left aftcu* the removal of each batch of metal. The sides 
of the hearth or “ banks ” must be high enough to protect the lower 
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part of the walls of the furnace and may he regarded as jiart of 
the hearth. « . • 

When one laj^er of material has hecui placed in positioif its 
surface is fritted or fused superiieially hv heating it for aliout 
t<;n rniniil^'s to “ lix ” the sand or “ luirn ii? in." As the succeeding 
layers of sand are heated, and fiartieularly when the furnace is in 
use, some of the material is converted into the low spi'cilie gravity 
forms of silica, viz., tridymite and eristohalite ([. :’2()). Tli(‘ con- 
version takes place to a mmrfi greater exti*Jit in tin* sand applied to 
the sides of the furnace above the level of the molten metal than 
in the hearth itself, and some? of th(^ " sand ” on th(‘ sides of th(^ 
furnaei^ may eventually consists ehielly of eristohalite, as the 
temperature attained (l(j0()°-lbi)0 ‘ (‘.) is well above! the transition 
point. Below this, tridymite is chk^Hy formed, tlu' hitialoeking 
crystals forming a very strong belt and giving great rigidity to tlu‘ 



hearth. The interstices between the silica crystals in both these 
zones are filled with iron silicate, largely fayalitc? (2FeO . SiO^). Still 
lower in the hearth, where tlu^ temperature is lower and the penetra- 
tion of the,iron is much less, the hearth consists chii^fly of unaltered 
quartz, with occasional traces of tridymite. In some cases the 
iron penetrates right to the brickwork liottom of the hearth, but 
this only occurs when therci are (jrac^ks in the sand . 

When a sufficient amount of sand has been placed in position, 
it is “ washed over ” with iron slag to fill in tlu^ crevices and give 
a smooth, dense surface to the heai*th and sides of the furnace. 
The slag also accelerates the convt^rsion of the silica to the low 
specific gravity forms, and it also aids in binrling the particles 
together. When the furnace is in use, iron oxide comes into contact 
with the sand and further aids in binding together the particles, and 
in the conversion of the silica. When a hearth is new, it is com- 
paratively porc^s, but after being washed over with slag, its porosity 
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is reduced and still more so after it has been used for some time, 
as the iron jxuietrates into the sand and renders it, increasingly 
impervious, so that, as the hearth becomes older, less metal is lost 
by absorption. Even in a w<^ll-built hearth the amount of iron 
absorbed is eonsiderablt, as the upp(?r layers of a hearth after 
prolong(Hl use may only contain 70 per cent of silica, most of the 
remainder being silicate of iron. Above the level of the metal the 
penetration is, of course*, less, but is still considerable. 

Repaii-s are usually necessary after each heat ; those to the 
hearth are usually made by dropping sand on to the weak spots 
and tamping it down, whilst the banks are strengthened by throw- 
ing sand on to them. The rcisidual slag on the hearth gradually 
combines with the new sand thus introduced and secairely fastens 
the particles to each other and to the hearth, so that they form 
jmrt of it. 

Furnaces for malleable iron have hearths ]nad(} of silica sand, 
similar to thos(i in open-hearth furnaces. 

In cupolas, a layer of sand and clay is rammed upon the “ bottom 
doors ” to form a sloping hearth about 3 in. deep at tlui shallowest 
part, with a slop<5 of about J in. per ft. This “ lu‘arth ” is required 
to protect the metal doors during the melting of the metal, but 
it must not bake hard in use, or troubhi will occur when it is desired 
to o|ien the doors. It must, therefore, contain sufficient clay to 
bind it, but no (’sxcess, as that would cause cracks. A clayey sand 
is lai’gcly used for this purpose on the ( •ontinent, but most of the 
cupolas in this country are lined with ground ganister (I. Ill), 
wliich is tamped into place. In some cupolas, mixtures of clay 
with other silica rocks ar(^ emj)loyed, the pai’ticles being bound 
together by the finjclay, and in others an old moulding sand mixed 
with clay-water is employed. 

Sand is also used to form the bottom in soaking jnts and some 
reverberatory furnace's, for coating the baths whicli hold the molten 
metal in fettling furmices, for lining the floating chamber of surface 
combustion farrMces, and for sundiy oth(‘r purposes. 

The ladles used in casting molten steel are often lined with a 
mixture of sand and fireclay. 

In furnaces for smelting and refining copper, i.e. the re^^erberatory 
or open-hearth types, the hearths are generally made of sand, 
though in America crushed quartzite or sandstone is more frequently 
employed for this purpose. The hearth is constructed in a similar 
manner to those of steel-melting furnaces, except that copper slag 
is used instead of iron slag to consolidate the sand and form a strong 
and irnptTvious hearth. 

The sand hearth is made in two parts, the first about 12 in. 
thick and the second layer about 4 in. thick, the latter being 
replaced when necessary by adding more sand until the thickness 
of the hearth is inconveniently great. Some furnace men use very 
little slag in rebuilding the furrface-bottoms, but others apply 
melted slag after each addition of sand. After ajjplying the last 
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layer of sand, finely grouVl slag may be sprirAtled around the* 
junction of the bottom to the side walls with a mixture of fireclay 
and crushed ({uartzite or sandstone, this final *coat being fired for 
about an hour to harden it properly. * 

In some American copper furnaces, tlje hearth consists of a 
bottom la^er of poured slag 2 ft. thick, covered by a layer of 
broken fire-bricks about I ft. thick, which is, in turn, covered with 
a layer of tamped sand 26 in. thick. Tlu; lu^arth (before adding 
the last lot of slag to close ud the pores in tljc surface) is carefully 
fired for six or seven days, aTter which the final dose of slag is put 
on and the hearth is again heated su|x>rficially to (‘liable it to 
absorb the slag. The furnace is then (‘harg<‘d in the ordinary 
way, about two weeks’ regular use lading necessary to saturate 
fully the upper layers of the hearth. A much larger proportion 
of slag is used in the hearths of copper-smelting furnaces than in 
those of steel furnaces, and sometimes oxidised copper scrap or 
copper scale is put on to tlu; lu'arth so as to combine with the 
silica and form cuprous silicate? which saturates the upjx^’r part 
of the hearth and givt‘s it an imjiervious surface. It is sometim(‘<s 
desirable to scatter a high silica sand or ground (piartzite upon 
the hearths of copper furnaces so as to combine with some of the 
(jopper and form a slag which will render the surface^ impervious 
and thus prevent an excessive loss of copper. In short, the hearth 
must be maintained highly siliceous to prevent metal i>onctrating it. 
However well the hearth is made, some metal will be absorbed, 
but this can be minimised by the us(? of a suitable graded sand 
and by skilled workmanship. The hearths are repair(?d by dropping 
sand through holes in the roof on to the (jorrodesd parts of the 
furnace, ami where ])ossible, tamping the sand to consolidate it. 

The seltlers used in conjunction with copper reverberatory 
furnaces are sometimes lined with sand ; this is less economical 
than magnesia, though cheaper in first cost. A damp mixture 
of crushed quartz and clay is often used as a packing (about 12 in. 
thick, where chrome bricks are used, but only 4 in. thick if the 
settlers are lined with silica bricks, as the heat conducted through 
silica bricks is much less than that through chrome bricks) l)etween 
the lining and shell of the blast-furnace settlers used in copper 
smelting. 'This packing is not subject to any great heat or corrosion, 
and need not be specially refractory. It is used to act as a cushion 
to enable the chrome bricks comprising the lining to expand, and 
it also serves as an insulator, as chrome bricks are fairly good con- 
ductors and allow a considerable amount of heat to pass through 
them. Repairs to settlers in the copfxjr-smelting industry are 
usually effected by tamping crushed quartz into the corroded or 
worn part by means of bars. 

In lead, and silver furnaces {cupelling furnaces) the lower part 
of the hearths are often composed of a mixture of sand and clay 
applied in the form of a damp mass, but not as 9 , paste, the upper 
surface being made of clay, cement, and bone-ash or magnesia, 
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siliceous sand as a refractory lining in industrial furnaces, particularly 
for those used in melting brass and other alloys. , 

.Zirconia and zircon sands (I. 168) have also Ixjcn used for the 
same purpose, but they are too costly except for very small furnaces. 

The properties reqihred in sands to be used for Inearths and 
linings are, mainly, refractoriness and inertness to the metals 
and slags with which they come in contact. Sands consisting 
almost wholly of sili(^a are chiefly ust?d, but during recent years 
other materials such as carborundunir burned moukling sand, etc., 
have been employed. 

The refractoriness of the sand must, naturally, depend on the 
temperature to which it is likely to be exposed, and this is much 
greaUu' in a steel-melting furnaiti^ than in a cojiper- or brass-smelting 
furnace. As, however, th(^ more refractory sands are much safer 
to use and the diffenmi^e in cost is not gri^at, it is preferable to 
employ a sand which has a i‘(‘frae tori ness not less than that of 
Seger cone 83 (1730'' C.) for all healths. In sti'cl-melting furnaces 
a refractoriness eipial to cone 36 (1770'^ (J.) may usually be jinderred, 
as such hearths attain a temperature approaching that of molten 
steel, namely, I600''-1050° C., whilst the sides juay be nearly 1700° C. 
At the same time, the sand us(^d for the hearths of furnaces should 
not be so refractory that it will not fuse superlicially to such an 
extent as just to bind the particles together without causing the 
material to flow. A sand which is too ri^fractory may easily be 
“ let down ” by mixing it with a less refractory saiuJ, and con- 
versel}^ a sand which is too fusible may sometimes be made 
satisfactory by the addition of a more refractory sand. The lower 
part of the hearth need not be so refractory as the upper part, 
because its temperature is much lower ; consequently, it may very 
conveniently be saturated with iron, provided this is not oxidised, 
as the metallic iron gives strength to the hearth. 

The chemical composition of sands used for furnace hearths, 
etc., is very important, as it is so closely connectcMl with their 
refractoriness. For the latter, it is essential that if a siliceous sand 
is used it should contain as high a percentage as possible of pure 
silica. Only colourless quartz can safely be used, the coloured 
varieties being too impure. Crystalline silica must be, used where 
the greatest refractoriness is required, as amorphous forms of 
silica fuse at a lower temperature. Where the working temperature 
is not too high, however, amorphous silica is quite satisfactory. 

Crystalline silica is available for use as a refractory material in 
the form of rock crystal, sand, sandstone, quartzites, schists, etc. 
The forms of crystalline silica which have a low specific gravity, 
namely, tridymite and cristobalite, are very desirable ; they are 
formed to some extent when silica is raised to high temperatures 
(I. 226). 

The sand used for lining the hearths, etc., of metallurgical 
furnaces should Contain 95-99 peV cent of silica ; the average of 
the suitable British sands is, according to Boswell, about 98 per 
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cent, but the Belgian sands which have so long been used in this, 
country contain about 98*8 per cent, whilst D^itch sands conta.ii>» 
about 97*5 per cent. , 

Burnaces used for copper smelting do not requii*e sueli refractor}' 
sand as stecj-rnidting furnaces, on account of»tli(‘ lower tem[)eraturc 
at which copper furnaces arci worked ; a sand or criislu'd stone 
containing 95-97 per cent of silica is suitable ; in some cases, a small 
proportion of tlux is added in order to secure the n(‘cessarv fusibility. 
A mixture used for lining some copper converti‘rs in America 
consists of siliceous ore and pond slime, and (contains only ()0-70 
per cent of silica, 10-12 j)er cent of alumina, and 5 per cent of iron 
oxide ! 

In Swansea, sea sand containing 88 per C(aii of silica, 2 ])er cent 
of alumina, 2-7 per cent of iron oxide, and 3-S per cent of lime and 
magnesia, is soriuitimes used for the hearths of co])]ier- smelting 
furnaces, and contains sulhcuait fluxing material to be used without 
any further addition. 

The impurities in sands containing 98 ])er cent or more of silica 
(such as those used for th(^ healths of st(‘el furnaces) must necessarily 
be small, and a detailed con.sideration of them is scaretty nocc'ssary. 
In the less imre sands used for copper-smelting furnaces, et(\, the 
impurities are somewhat more important. In both cases, the 
ones of most importance are clay, fiuxc's, organic matter, and water. 

Clay may or may not be a desirabk' const itmait in opt^n-hearth 
furnaces ; a small (juantity may bo ])res(‘nt with advantage if it is 
sufficiently pure not to introduce* und(‘sirable duxes into the sand, 
as it adds to the rigidity and im[)ermeabilit v ot the hearth. In some 
cases, 1 part of brown loamy sand is add(‘d to 4 j)arts of refractory 
sand to give the latt(T the necessary fluxing powc'r. The diicf 
objection to clay is that in contact with iron oxide it produces 
a fluid slag which rapidly cuts into the sand liearth and sides and 
necessitates fn'cpn^nt repairs. Iron oxide has tlu* same eth^ct on 
sand, but the jiarticles of sand are so much larger than those of 
clay that the latter is attackcid far more ra])idly. Its action, how- 
ever, is not so serious as that of mon; fusible alumina compounds, 
so that a small j)ro[)ortion cannot do mu<;h harm to the sand ; a 
large propo 4 :tion, how'ev(;r, should not be present. It is seldom 
safe to use a sand containing more than 3 per (^ent of alumina 
(which corresponds to 7-5 per cent of clay) foi’ tlie hearths and 
banks of steel furnaces, but for furnaces used for smdting other 
metals at lower temperatures a larger proportion of day may be 
present. 

Clay is frecpiently mixed with the sand and, by dropping the 
mixture into the furnace, is usetl to r(!j)air tin? furnace hearths and 
fill up the corroded spots ; this process is sometimes known as 
“ claying,” a very siliceous clay bdng used in some works, whilst 
in others a mixture of sand and clay is employed. 

A moderate proportion of clay^is very di*sirable»in the sand used 
for furnace linings other than the hearths, as such sands require 
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a binding niat(uial in order to make tliem adhere to the structure. 
tThe clay may occiy naturally in th(5 sand, or it may, be deliberately 
acjdod to a sand or crushed rock. Thus, tlu^ natural ganistor used 
for lining converters, crucible furn«a(M‘s, etc., contains 5-12 j^er cent 
of clay as a natural nigredient, which maki*s the gav^ster a self- 
binding material. Where crush(*d quartz free from clay is used 
for tam])ed linings, it may be mixed with 0-25 per cimt of fireclay, 
so as to iiroducc a matiMial which is suflicicntly cohesive to bo rammed 
and remain in its ])lace wh(‘n tlu^ for 4 >i is ri'inovcd. 

Whenev(U‘ a mixture of clay and sand is iisi'd in a furnace, the 
proportion of clay jniist not be (5X(t*ssive, or the mixturi; will shrink 
unduly and cracks will occur. The Ix^st results will be obtained 
if sufficii'iit clay is ])n^scnt to ensure the necessary binding efiect, 
after which any additional clay is detrinumtal. 

It is most impor’tant that tlu^ clay used in sand mixtures for 
fuinaee work slioidd be highly refractory, as a clay which is loss 
refractory than the sand may cause; serious troulile on account of 
the fusion of the; clay during use, which may cause tlu; disintegration 
of th(; lining. The; clay should, therefore, lx; at haist as refractory 
as the sand ein[)loyed ; it is also important ibat it should be as 
plastic as possible, so as to reduce to a miniitmm the [)ropoi*tion 
of clay required to bind the pai'ticles of silica or oth(;r noji-plastic 
material together. This is desirable, Ixx-ause howev('r pure a clay 
may bo, it intr(xluc(;s v(;ry fine partich's into tlu; inixtui'c ; these 
are undesirable, as they are so ri'adily attacked by any fluxes present 
and so increase the [iroportion of fused material. 

Flum (I. 184) are undesirable in ri'fractory sands, as they reduce 
the refractoriness of the material. Not more than 2 per cent in 
all of lime, magnesia, and alkalies should lx; ])r(‘scnt, and a still 
smaller yiroportion is found in the lx‘st sands. These oxides occur 
chiefly in the form of felspar and mica, and whilst h'lspar is less 
harmful than mica, neither should lx; presiuit in appreciable pro- 
portions or the sand will be excessiv(*ly fusible. 

Iron compounds always occur to a siriall (‘xtent iji sand, but 
should not exceed the eipiivalent of 1 ])er cent of ferric oxide. 
FeiTic oxide or limonite in tlie form of a film ov(;r tlu; surfaces of 
the sand grains seldom does any harm, but iron sulphide (pyrites) 
is very obj(;ctionable, as it forms a fusible silicate. 

Tlie sand com [losing the hearth or tlu; lower jiart of the walls 
of a metal -melting furnace is |K;netratcd by iron oxide or other 
metallic oxide from the molten metal. This oxidi; exerts a corrosive 
influence on it and forms fusible silicatcss, so that unless the sand 
is very pure and fr{;e from fluxes, an excessive amount of fusion 
will occur and the hearth or lining will be useless. A hearth in 
which too much fusion has ocjcurred will have its pores or interstices 
filled with molten metal and slag, and so will not be sufficiently 
absorbent to retain tlu; slag and metallic; oxide, which is part of 
its regular work^ without itself ftising to any great extent. The 
” selection of a suitable sand is rendcrecl all the morp difficult in the 
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case of open-hearth steel furnaces by the fact that the iron oxide is w 
the ferrous state, and therefore acts as a poAverful^ux. Fortun'itelys 
the purest available sands, wIkui not composed of too small grains, 
are well suited for the purpose. Crushed ganister or a mixture ol 
a pure siliow. sand with lireelay may Iw* usc%l when a more plastic 
material is reipiired. 

Organic matter (1. 200) is undesirable in a sand used for furnaec 
hearths or linings, though l(‘ss than 1 per cent will usually do nc 
harm. • 

Moisture . — It is important that sands used for lu'arths and 
linings of furnaces should 1 m“ free from ]Uoisturi\ as othmwise much 
trouble may be caused. VVOien th(‘ furnaei* is heattai th(‘ hearth or 
lining may crack, and any steam trap|)(‘d in tlu' sand may cause 
explosions and blow out |)ortions of the material, (’vam if it does not 
in other ways seriously damage tlu‘ furnace stiucture. llcaice it 
is very important that all sand us(‘d for such |)urp(\ses should be 
thoroughly dried Ixdore the furnace* is us(‘d. If a dam]) mixture 
of clay and sand or a ganister is used, the furnace should be V(*rv 
carefully and slowly dried so as to rc^movc! all moisture before the 
furnace is charged. Tt is often necessary to use damp matca’ial for 
lining a furnace, because th<^ neec‘ssary adhesion can be scanired in 
no other way ; but when the lining or r(‘pairing is completed no 
pains should be spaied to ensure that all th(^ moisture is removed 
from the mat (‘rial by car(‘fully drying those parts of the furnace 
in which it occurs. 

The shape of the grains of sand ch'pends on the* |)ur|)()se for which 
th(\y are to 1 k^ used. J^'or furnace h(‘artlis th(\v should usually be 
sub-rounded cw sub-angular, approacthing to angular. A sand 
somewhat angular is more satisfactory, as round-grained sands do 
not stand well on the “ banks,” because tlui angles of rt‘st is very 
low ; in open-hearth furnaces th(‘ bank must be at a high angle. 
On the other hand, grains whic^h are too angular do not lie sufficiently 
compactly to form a mass of minimum porosity for that particular 
size of grain. This is especially objectionable for the upp(‘rmost 
layers of the hearths, where tamping is often im])ossible, and the 
sand is retpiirc'd when thrown on to the bank to assume naturally 
a minimum porosity and maximum compact! ness. This is best 
attained by sub-angidar or partly rounded grains. For lining the 
hearths of copper furnaces, many Avorkci's pr(‘t(.i* a mort^ angular- 
grained material, esp(*eially in America, wliere crushed quartzite 
is largely used, as it gives splintcTy and angular grains, though 
the results obtained are not as satisfactory as those with a less 
angidar material. In comparing grains of various sha])es the fact 
must not be overlooked that the size of the grain also plays an 
important part which is sometimes attril)ut('d to the shape of the 
grains. Thus, large angidar grains art* more resistant than small 
sub-angular grains, but the difference lies much more in the effect 
of their size than that of their shape. 

The size of Vie grains of sand or crushed rock should depend on 
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the purpose for which they are to be used. In sands used for lining 
the sides, hearths, f^tc., of metallurgical furnaces, tlw grains should 
not usually be less than 0-004 in. or more than 0-02 in. diameter, 
though these figures must not bo taken too rigidly. Most of the 
sands used in this coufltry for furnace hearths containiover 95 per 
cent of grains within the.se limits, the bulk of the material consisting 
of grains 0-01 in. and 0 02 in. diameter. Crushed rock is usually 
coarsc^r than the sand, but if used in a dry state is objectionable 
to the furnace-m(>n, who find that ft does not form a sufficiently 
dense and smooth hearth. For vertical parts of the lining a coarser 
mixture can be us('d, Ix^eaiLse the clay present enables a better 
“ finish ” to bo produced. During the War, when more suitable 
materials were difficult to obtain, a very coarse sand obtained at 
Haydon Bridget, near Hexham, Northumberland, was used with 
satisfactory re.sults. This material was examined by Bo.swell, who 
found that it contained 37-8 per cent of grains over 0-08 in. diameter, 
8*.3 p(>r cent Ix^tween 0-04 in. and 0 08 in. diameter, and 38-2 
cent between 0 004 in. and 0-02 in. diameter. In America, quartz 
or sandstom} crushed to pass completely through a 10-mesh sieve 
is used for the bottoms of copper-smelting furnaces, whilst in some 
cases 5-inesh niaterial is also included ; thes(j are much coarser 
than the sands used in Great Britain. 

Very tine gr*ains of .sand are iindesii-able, as they have a lower 
angle of rest, which is inconvenient in o])en-h(nirth furnaces, and 
they are also attacked by flux(*s more easily than are coarser 
grains. 

When a hearth is first built or is being ndniilt, the sand used 
for the lower layers may bo suitably graded to some extent so as 
to secure a maximum density, any remaining interstices being 
filled with molten slag which is absorbed by tlu^ porous sand and 
binds the whole nia.ss securely together, the sand used for the 
upp(*r layers and for repairing the hot funiacu?, on the contrary, 
.should not be grade<l, but should consist of uniformly-sized particles, 
becaus(3 when a mixed sand containing grains of various sizes is 
thrown on to a hearth without any tamping, such partiedes of irregu- 
lar size will not fall in such a manner that the small grains fill the 
interstices b(‘tweeu the larger ones ; they are much tmore likely 
to separate the largo grains and thus increase the porosity. With ' 
a sand of uniformiy-.sized particles, however, this cannot occur, 
as, however the grains may fall, they will give the maximum 
compactness possible with such a sand without tamping or shaking 
down. It is therefore desirable, in repairs, to use sand consisting 
of parti(d(\s of uniform size. Where it is possible to tamp the 
sand in the furnace so as to secure the maximum packing effect, 
it nmy be desirable to use a mixed sand, so as to minimise the 
quantity of pores, but wluirc this is impossible a uniformly-sized 
sand js preferable. 

The Preparation of sands for*' furnace hearths and linings is 
described on p, 158, 
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The Testing of sands for furnaco hearths and linings may usually 
l>e confined to the tests mentioned on p. Idi), care being taktii 
to use only those materials whose composition and physkad 
properties are within the limits mentioned on ]>p. 138-142. 

•5 • - 

Sands for Refraotory Sjlioa Bricks 

The use and properties of sand for making building bracks 
have b(Mm described in ( Iiayt-er 1., but in addition to these there 
is a large and important class of biieks used in furnace, kiln, 
and oven construction and known as “silica fire-bricks” or Tuore 
often as “ silica bricks.” Their chief valin; lies iu their great 
resistance to heat, which (‘nabk's tluMu to bo us(‘d in the hottest 
parts of the furnaces and Idlns. For some pur|iOses they are 
superior to 1ir(‘-bricks made of fireclay and other refractory mat(Tials,^ 
especially as tlu'.y are not unduly costly, ar(‘ vt^ry resistant to 
corrosion and abrasion, and have a slightly higher thermal con- 
ductivity than lir(‘clay bricks. As they expand rather than shrink 
whim in use (as do firi^clay bricks), they are particularly useful 
for the upper parts of furnaci's, such as ardies, crowns, etc., as 
bricks w^hich do not contract do not so readily fall from the roof 
or arch and thus tend to avoid the collapse of the structure. In 
this respect, silica bricks are particularly useful in glass furnaces, 
where thii fall of fireclay from the roof would contaminate the 
glass. They arc used in furnace.s where strimgth is required at 
high temperature's, as in gas-fired furnaces and kilns, on account 
of the fact that silica bricks when heatid under a load do not soften 
gradually as do lireclay bricks, but ridain their shape to a high 
temperature and then fail suddenly. 'rh(\v are also used in 
reverberatory open-hearth and other metallurgical furnaces in 
which constructional mati'Tials of an acid nature are requiriui. 

They have? been increasingly usimI in riicent years in the con- 
struction of coke ovens, as they have a rather higher thermal 
conductivity than fireclay bricks, with the result that coal can be 
distilled rather more rapidly and at a slightly less cost. In addition, 
they are less readily attacked by the salts in the coal. 

The clijef disadvantage of .silica bricks is that they are unable 
to withstand sudden changes of temperature ; under such condi- 
tions th(\y crack and spall, so that they must not be exposed to 
rapid variations in temperaturi^. 

Tridymite bricks are silica bricks in which the whole of the 
silica has been converted into tridymite ; such bricks arc constant 
in volume and do not spall in use. No brick on the market consists 
entirely of the low specific gravity forms of silica (I. 177), but 
some contain a large proportion of these materials. Bricks contain- 
ing a large proportion of tridymite are used for the same purposes 
as ordinary silica bricks, but they have a greater durability. 

' See Refractory Materials : their Manufacture and Uses, by A. B. Searle 
(Griffin, London^ 
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Oanister bricks are made from ganistor, a natural mixture of 
siliceous material clay, which is self-binding on account of 

thQ, clay present, and so merely needs to bo crushed to the required 
fineness and mixed with water and sometimes a little lime to 
increases the cohesion of the material. CanisttT briebs may be 
used for practi(?ally all the purposes for which silica Iwicks are 
employed, but thciy an? more constant in volunu? on account of 
the contraction of tlu^ clay neutralising some of the expansion of 
the silica. In some eases, the ncutmlisation is so exact that the 
bricks neither expand nor contract in use. Such bricks, however, 
contain a largfT amount of clay than is found in the best ganister 
and are really semi-silica bricks (p. 145). 

Sarul bricks are compos(‘d of sand to which a suitable quantity 
of lime is added as a bond. As the raw material is already in the 
form of ]iov\’der it does not need to be cruslu'd before making into 
bricks. The waste sand from glass works has btuai us(?d for inaking 
siKih bri(!ks, but th(?y an? of inferior quality. Tlu? disadvantage 
of sand bricks is that it is V(‘ry difficult to obtain a raw material 
in which all th(? grains are of suitable sizes to make a satisfactory 
product ; where th(‘y do so and tin? sand is sufficiently i)ur(?, tlu? 
bricks are in every r(?spect as good as bri(?ks inade by crushing 
silica ro(^ks. Apart from the small (piantitios of natural sands 
formed by the action of the weather on highly siliceous rocks, 
which may suitably be used for tlu? manufacture of silica fire-bricks, 
there are other deposits of sand which can lx? used for this ])urposo ; 
one of the best known is a loamy sand of a grec'iiish-grey or white 
colour which occurs in deposits up to 5 ft. thick at Ewell, Epsom, 
and Chalfont 8t. Peters, Bucks (1. (M)), from which tlu? ItJwell 
bricks are made. These bricks are n'd in colour, due to the pro- 
portion of iron oxide present, and are quite soft, so that they can 
readily be sawn or carved to any desired shape. They need to 
be handled with care, and are only moderately refractory on 
account of the large proportion of fiux(?s present, yet they are 
used extensively in the south of England for domestic fireplaces, 
the cooler ])arts of furnaces, boiler and retort settings, etc. 
Th(>y are specially valuabU' wh(*re it is nec(?ssary to cut the bricks 
to a special shape. o 

Flhit bricks are made from Hint which has been crush(?d to a 
suitable si/u? and mixed with tlu? required proportion of lime to 
bind the })articles together. Such bricks are of inferior quality, 
owing to the great expansion which tlu\y undergo when heated 
if raw flint is used ; and where the flint is calcin(?d before use, it 
is difficult to make a brick wliich is sufficiently strong. Flint 
bricks should only be employed where the conditions are not 
stringent, or where bricks made of extremely small particles of 
silica are required. A small proportion of finely-ground flint 
added to the crushed ro(?k or sand used for silica firedjricks is often 
an advantage. ' *’ 

Flint-clay bricks are a variety of semi-silica brjeks which are 
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made in America. They are used for lining furnaces, kilns, and 
other structur^js whore refractoriness and constancy in voluiro are 
necjcssary. They contain no flint, but are made of a hard fliut- 
clay and a softer binding clay. 

BesideSttSilica bricks, composed of almbst pure silica with a 
little added lime, there arc various other kinds of bricks whi(^h 
consist partly of sand or cruHh(‘d rock and partly of clay or other 
material. The chief of these bricks are givcm below. 

Serni-fiilica bricks consist #)f sand, ganister, or crushed silii*a 
rock and fireclay in various proportions. Such bricks ar(‘ less 
refractory than silica bricks, but they are constant in volume 
when h<>ated, as the contraction of the clay and the exfiansion of 
tlio sili(!a neutralise each other, and this property makes them v(‘ry 
useful for the arches and crowns of (;oke ov<‘ns and flues. They 
are also used for the upper parts of cupolas, crucible furnaces, 
and for the soles of coke ovens. They are satisfa(dory substitutes 
for fireclay bricks in many cases when; thf‘ir spc'cial advantage of 
constant volume is r(;quirt‘d. 

Sand-bauxite bricks consist of a mixture of sand and bauxite 
together with a suitable quantity of plastic clay as a binder. Such 
bricks have been found quite satisfactory for furnace linings, 
but on the whole; their us(‘ is undesirable, as when h(‘ated tlu' sand 
exf lands, the clay contracts, and tlie bauxite (if j^ropcrly cahaned) 
remains unchanged, so that strains are set iq:) whi(;h tend to cause 
cracks in the bricks and finally lead to their dt‘struction. 

Kieselquhr bricks are made by mixing diatomacisius earth or 
kieselguhr (f. Ofi) with fire(;lay : t}u;y have only about one-third the 
weight of ordinary bricks, and in some cases th(;y are so light as 
to wt;igh less than an equal volume of water. 

Ki('selguhr bricks are fairly refractory and an; able to withstand 
high temperatures, but they cannot be used for furnace linings 
as they do not resist abrasion and corrosion, but must be protected 
by a lining of souk; other refractory material. Their special value 
is in their porosity, which renders them very efTe(;tivc as insulators. 
Th(;y are therefore largely used as an intermediary bi‘tween the 
lining and the casing of furnaces, to prevent loss of h(*at by radiation. 

Sili(;a brv;ks for furnace and kiln construction are madt; chiefly 
of crushed silica rock, containing about 98 per (;(;nt of silica, but 
angular sands of the same (;omposition may also be used. The 
particles must be can^fully graded and them mixed with milk of 
lime or fireclay and water, so as to form a paste which is moulded 
into bricks ; the latter are then dried and afterwards burned at 
1400°- 1500° C. A prolonged heating at 1400° (1 or above is desirable 
so as to convert the greatest possible proportion of quartz into 
tridymite and cristobalite (T. 226). 

Smrees of Sand for Silicu Fire-bricks . — Only a few sands and 
silica rocks are suitable for the manufacture of silica bricks, as 
the rest are not sufficiently pure? The following •may be used if 
carefully sclecteil ; they are mentioned in order of suitability : 

VOL. II L 
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Chalcedony, Tertiary erratic quartzite boulders (findlings- quartz- 
ite), ganister, masuve roc^ks consisting of almosti pure quartz 
or' quartzite, quartzites from vein quartz, flint, chert, schistose- 
quartz, sandstone, sand. The use of sandstone and sand is generally 
undesirable, as these materials are seldom sufficiently prae and the 
products are usually of inferior quality. Only the first four rocks 
and certain quartzites, with the sands derived from them either 
naturally or by cmshing, are regally suitable for the manufacture 
of refractory silica bricks ; where jjossible, these only should bo 
employed, the others being regarded as possible substitutes when 
better materials are not available. 

Semi-silica bricks are made of natural or artificial mixtures of 
sand or crusluMl rock and clay ; the former include some ganisters 
(I. 104), the kaolin-bearing sands of Devon and Cornwall which 
are left after removing the kaolin from d(‘compos(^d granite (I. 91). 
Certain glacial sands (T. 115) and the pocket sands which occur 
in hollows in the Carboniferous Limestone of Derbyshire are used 
to make silica fire-bricks ; those made of thci last named are 
extensively used for coke ovens. 

Many sands and other siliceous materials are not suitable, 
partly on account of their chemical composition and partly Ix^cause 
they do not possess the r(u{uisite physical properties. This is 
dealt with later under the captions : Chemical Composition, 
Specific Gravity, Refractoriness, and Shaj)e and Size of the Grains. 

Where an almost pure silica rock has been broken down by thef 
weather and forms a sand, it may be preferable to the original 
rock, as some slight purification may have been effected. On the 
other hand, it is often much easier to obtain grains of th(' requisite 
sizes when a rock is crushed or ground and then screened, than it 
is to use a natural sand from the same rock, many of the grains 
of which may not be suitable for the use of the brick manufacturer. 
Apart from this, the crushed rock and natural sand are alike 
suitable. 

The geographical distribution of siliceous materials suitable 
for the manufacture of silica fire-bricks has been fully described 
in Vol. I. Chapter III. (see Silica Rocks), from which it will be found 
that the best materials in this country are (a) ganis»ter (I. 104), 
which consists of particles usually from 0 004 in. to 0*012 in. 
diameter, and (6) the ])ure silica rocks consisting of grains of about 
the same size, including the silica rocks of Durham, Yorkshire, 
Derbyshire, and the Midlands, and some of the quartzites of North 
and South Wales. The Lickey Quartzites and the Crowstones of 
Cheshire, as well as some of the Cumberland silica rocks, are some- 
what coarser and may consist of particles up to 0*032 in. diameter, 
whilst rocks which are only suitable for inferior bricks may contain 
particles over 0*04 in. ; these are not reall}^ suitable and should 
be avoided wherever possible. ^ 

Rocks which consist of large interlocking crystals of quartz 
are generally unsuitable, but where the crystals aje small and are 
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enclosed in a glassy ground -.mass, the nxiks are usually quite 
suitable ; tlsese which consist of the linest individual grains 
cemented to form larger ones mav^ be employed for vxuy stringent 
conditions, sucli as occur in electric and somy metallurgical furnaces, 
whilst the^coarser -grained ^natc^rials may lx; used for glass furnaces, 
coke ovens, regenerators, annealing furnac'cs, etc. 

The chemical composition of the sands and crushed rocks used 
is of considerable importance. A fairly pure silica is d(;sirablo, 
but it need not be perfectly*j)ure, the b(‘st silica fire-bricks being 
made from materials containing l)()-98 jx‘r cent of sili(;a and about 
2-4 per cent of other oxides as impurities. Homo ganist(‘i-s which 
contain less than 90 per cent of silica mak(; (;xcellent bricks, so that 
the actual proportion of silica is not of the greatest importance, 
provided the proportion of fluxc's is sufficiently low. Some; of tin; 
sandstones used for making ndractory silica bricks contain as low 
as 80 per cent of silica and more tlian 5 [x;r cemt of fluxes, (;tc., 
but these materials form an inferior pnxiuct. The proportion of 
silica varies so greatly that no v^ery definite limits can usefully 
be laid down with regard to it, though for the most r(;fractory 
bricks as liigh a percentage of silica as possible is desirable. The 
importance of the ])roportion of oth(;r oxid(;s pres(;nt depends 
upon their composition ; linu;, magn(;sia, soda, and potash are all 
objectionable, as they reduce; the r(;fi*actorincss of the; bricks, though 
they may increase; their strength and r(;sistanco to abrasion and 
corrosion. The; total amount of lime, magnesia, potash, and soda 
in the sand or crushed rock should not usually exct;ed 2 per cent, 
though for some purpos(;s the prc'sencc of 4 per (x;nt has not b(;en 
found objectionable. 

Fluxes (I. 184) are pres(;nt in all natural siliceous materials, 
but the proportion should lx; as low as possible, otherwise the 
refractoriness of the mat(;rial would be unduly reduced. 

The presence of a limit(;d amount of iron oxide in the raw 
material is an advantage, as it is an exc(‘llent bond, and iron 
compounds are sometim(;s added t(j silicxxms mat(;rials in order 
to bind the particles together. Silica rocks containing up to 
8 per cent of iron oxide have been us(;d quite satisfactorily. F. H. 
Brooke and’T. Twynam in 1918 suggested tlu; addition of | to 8 per 
cent of fine flue dust (containing a largt; pro|)ortion of magnetic 
iron oxide) as a binder for silica bri(;ks. Tlu; total proportion 
of iron compounds expressed as h'riic oxide should not, in rnost 
cases, exceed 2 per cent, and a much smalhT percentage is desirable 
if the bricks are to be used under rediicing conditions. 

Organic mailer and dirt should not be present. If any appreciable 
proportion occurs, the sand must be washed before use. 

The proportion of alumina present in sands and crushed rocks 
suitable for making silica fire-bricks vari(;H considerably. If in the 
form of felspar and mica, it is pbj(;ctionable, apy those materials 
are not refractory and act as fluxes (I. 184), but if present as clay 
a moderate percentage of alumina may be advantageous. 
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Clay is present to a variable extent in materials suitable for 
the manufacture o^ silica fire-bricks ; some quart::itcs contain 
practically noiK^, whilst others and ganisters may contain 10 per 
cent or even more. Th(^ presence of clay is ^ln advantage in some 
respects, as it assists in binding together the particles of nun-plastic 
material and leduces the amount of lime nec(‘ssary to produce an 
effective bond, some ganisters being self-binding as a I'csult of the 
clay they contiiin. Another advantages j)ossessed by clay is that, 
on account of its contraction, it neutralisers to se)me extent the 
expansion of thei silica anel so ])roduce\s bricks which are much 
more constant in volume and much less sensitive to sudelen changes 
of temperature than those maele of silica anel containing no clay. 
This is one' re'ason why ganister and semi-sili{;a bricks are often 
prefer re^l to silie*a bricks, thej expansiein e)f which is se)metimes 
tre)ublesome. On the othe!r hanel, e*lay has the^ disael vantages of 
reelucing the^ rcd‘racte)rine^ss of the^ silica (1. I S3), its prevsence to 
an exteuit representeel by 5 pen* cent eef alumina lowering the 
ref rae tori ness e)f silica by 2 e*ones or 40° U., whilst clay equivalent 
to 10 pe;r cent e)f alumina redue^e^s the refractoriness fre)in cone 35 
to cone 27, i.e. freun 1770° to 1610° 1'liis is ne)t, howeven*, so 
serious a practical drawback as it might seem at first sight, as 
the jnixturc of silica and clay, which has the lenv'cst refractori- 
ness, is neveu'the'less the one which e?or?’e'sponds to the average 
composition of ganister. Ganister is one of th(^ most valuable 
mat(a*ials for the manufacture of silica fire-bricks. 

Thus it will be seen that whilst clay may be deleterious as 
regards refractoriness, it has its value, and undea* certain conditions 
its presence is aedually desirable. A refatively large percentage 
of clay is allowable where the bricks are not requircMl to withstand 
the highest temperatures ; for instance, in boika* -settings, hardening 
and annealing furnaces, retort settings, puddling furnaces, etc. 

No matter whether the clay occnirs in the sili(‘eous material 
itself or is added to it, it is imj:)ortant that it should be sufficiently 
refractory. (8ee also p. 139, Clay in Hamh for liearUh^.) A fusible 
clay would unduly reduces the refractoi’iness of any silicHujus mat(irial 
to whi(4i it is added. Henct; the clay should be sufficiently free 
from fluxes not to increase the proportion of these constituents 
in the mixture and should not contain more than about 5 p(ir cent 
of fluxing oxides. 

The impurities in the sand or crusluHl rock have been described 
above. They should be finely divided and disseminated uniformly 
through the mass. Where large particles of impurity occur, trouble 
may arise which would be less serious if the material were in small 
pieces. 

The chemical composition of the material to be used for silica 
bricks should not be considered exclusively, as a very pure siliea 
may bo quite unsuitable for use, \yhilst a less pure one may produce 
very satisfactory bricks. 

Refractoriness. — The sand or crushed rock should have a 
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refractoriness not loss than that of cone 83 (1730*° (L), though this 
must not be. taken as a fixed* rule, as bricks .which have a imi^li 
lower refractoriness may be usimI with compkie satisfaction wkerc 
the requirements are not so stringent. The I’efractoriness chii'Hy 
depends qji the pro]x>rtion of clay and fluxt*s present ; this has been 
fully discussed under Chemical Composilion (p. 147). iiie refractori- 
ness must not b(' taken alone, as sonu^ sands and silii‘a rocks which 
have a high refractoi’ini'ss are iinsuitabk* foi‘ making silica fire- 
bricks, w'hilst others with 1 % low'cr refractoriness ar(‘, on account 
of some other properties, particularly valuable. 

Specifle Gravity. — In making silica bricks, tlie spciilic gravity 
of the sand or ciaishcd rock is very important. As previously 
explained (I. 220), quartz is converted on lieating into other foians 
of silica with a low' spi'cific gravity and there is conse(|uently an 
incrt;ase in the volume of the* material which may b(^ scM’ious wlien 
the bricks are in us(^, so that it is desirable that sand or crushed 
rock should be used which, on heating, will ra])idly attain a maxi- 
mum expansion and after that remain fairly constant in volume. 
For this reason, some amorphous forms of silica, such as flint, 
chalcedony, etc., and others which contain a noteworthy proj)ortion 
of colloidal silica, arc^ specially useful, wiiilst crystalline quartz is 
less easily and far more .slowiy converted. The lindlings-quartzitc's 
or erratic boulder silica roi^ks are prefm’able to otlicu’ forms of 
quartz because the silica in them is more readily convm’tible into 
tridymite or cristobalite. As these rocks are not readily available, 
other quartzite rocks and sands form the child source of silica for 
silica bricks. 

A good ti^st of the probable suitability of a silica rock or sand 
consists in heating it to a tenqKU'aturi* of 1450° C., and maintaining 
it at that temperature for four hours ; the material wdiich, wdien cool, 
has not disintegrated and also has the lowTst s])ecitic gravity will 
be the most satisfactory, as thi^ greatest conversion to tridymite 
or cristobalite has taken placid in it. 

The shape of the particles of silica is very iuqiortant and may 
make all the difference between good and useless bricks. The 
grains should be sharp and angular, so that thi^y will interlock 
with each,other and produce a strong ma.ss. It is most important 
that the grains should not be roimdiHl or they wdll not bond togidher 
properly when the binding matta*ial is added. GanistiT is very 
valuable on account of the angidar and splintery particles it produces 
when crushed ; these interlock very closely and si^ form first-class 
bricks. 

One dilKculty in the u.se of natui al sand as a material for making 
silica bricks is tin; comparative rareness of sands of the desired 
purity having angular particles w'hich inleilock readily. For this 
reason common sand can seldom be used, but the sands obtained 
as waste material from china clay pits and the j^ocket sands of 
Derbyshire and clsewdiere, whibh are highly afhgular, are quite 
satisfactory. 
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Calcined flint, chert, etc., when quenched in water to render 
crushing easier, do ^ot as a rule form angular parti<iles, with the 
resj-ilt that the grains do not bind proj^x^rly. 

Almost the only materials which give grains of suitable size 
and shape ai’o crushed tsilica rocks. These break with splintery 
fracture and form highly angular particles which interlock readily. 

The size of the grains is very important, as two factors are 
introduced, namely (a) the size of the grains of silica in the sand or 
rock, and (b) the sizes of the pieces pnoduced by crushing the rock. 
These factors must be remembered, because the crushing does 
not liberate every individual grain but produces pieces consisting 
of a number of grains cemented together. The size of the pieces 
produced by crushing or grinding may vary from ^ in. diameter 
down to dust, and these vaiious sizes should be combined in such 
proportions as to produce bricks of any desired density. Thus, for 
a porous brick required to resist clianges in temperature, a fairly 
large proportion of large or medium grains may be present, but for 
a dense brick a large j)roportion of smaller grains may bo used. 
No grains larger than in. diamtder should ever be present, other- 
wise they will crack and fly on heating and so disintegrate the 
bricks. On the other hand, the grains jnust not be too small or 
the bricks will be too dense and so be unduly sensitive to sudden 
changes in temperature. 

No matter whether a natural sand or a crushed rock is used, the 
particles should be pro 2 )erly screened and graded so as to consist 
of grains of dilTercnt sizes, the smaller particles filling the interstices 
bet\^’cen the larger ones, and so forming a sufficiently dense and 
strong inass (Fig. 0) and reducing the amount of binding material 
necessary. Wh(?re the grains are of uniform size they do not int(>r- 
lock so well, and a large amount of bond would be required to cause 
the particles to adhere, or smaller grains from another source must 
be added. As only about 2 per cent of lime is allowable for the bond 
in the best silica bricks, it is important that the grading should bo 
such as to give the maximum strength with tliis amount of bond. 

The size of the individual grains is of great importance. If 
they are very lai'ge they will cratjk on heating, so it is necessary 
that they should be sufficiently small. Material compo/sed of the 
finest individual grains will be more constant in volume, will attain 
a maximum expansion more quickl 5 % and will be less likely to spall 
in use. For this reason, such materials should be used for resisting 
the most stringent conditions as to refractoriness and constancy in 
volume. Where sudden changes in temperature are to be with- 
stood, the grains should be of medium size (0*02-0 -01 in. diameter), so 
as to produce more porous bricks. One reason why sands can 
seldom be used for making silica fire-bricks is that the grading is 
unsuitable ; many of the grains are usually too coarse to give the 
best results (as they are too slowly converted into cristobalite and 
tridyraite), whilsffthe use of a safid which contains sufficient Me 
grains would give too dense a brick. These objections are avoided 
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by the use of a rock consisting of minute particles cemented together 
by a natural Jbond, so that wht*n it is crushed each of the partic^lbs 
of the required sizes consists of a number of minute grains cemented 
together. By tliis means, conversion of (juartz into cristobalite 
and tridyyxite is readily (‘ffectiul, as tlie grains of quartz, although 
actually small, are yet so combined to form larger grains that the 
advantages of a well-grad(‘d mattrial are obtained. Such a con- 
stitution is, of course, impossible with sand, so that briciks made of 
natural sand are usually less s;|tisfactory than those made of (Tushed 
rock. Where a suitably graded, pure sand composed of grains 
which do not disintegrate on heating can be obtained, it will usually 
produce good bricjks. . ^ 

Erratic boulders (fmdlings-quartzites) which occur in Germany 
have this desirable structure ; the grains are very minute and are 
cemented by moans of interstitial colloidal sili(*a. 

According to Le Chatelier, any quartz- 
ite may be used, provided it is ground 
to a sufficiently fine state, but the cost of 
such treatment would often be excessive, 
and the bricks would usually be extrcMuely 
sensitive to sudden changes in tempera- 
ture. Where no really suitable rock 
material is available, however, a l(\ss 
suitable one will often, if sufficdently 
finely ground, enable fairly satisfactory 
bricks to be made. 

The Preparation of sands for refrac- 
tory bricks is described on p. 15S. 

The Testing of sands and crushed rocks 
for use in the manufacture of silica fire- 
bricks ma}^ usually be confined to the 
tests mentioned on p. 160, care being 
taken to use only those materials which (sonform in composition 
and physical properties to the limits mentioned on pp. J 47-151. 
When a silica rock is crushed, the “ sand ” produced should have 
the properties just mentioned ; methods of testing rocks prior to 
crushing ar^ described on p. 160. 

Sands for other Refractory Bricks 

Zirconia and Zircon sands have been used for making suitable 
refractory bricks, but up to the present time they have not been 
developed to a very great extent, ediiefly because of their cost and 
the difficulty of obtaining a really suitable bond. Possibly in the 
future a satisfactory bond (other than colloidal zirconia or a better 
method of preparing this substance) will be found, after which the 
use of zirconia bricks appears likely to i‘xtend rapidly. Most of 
thh failures hitherto experienceti with zirconia bricks are due to 
the use of too cmde a material and a poor bond. 



Fig. 9. — Micro-structure 
of silica brick. 
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SANDS FOR CRUCIBLES 


Artificial sands, cliiefly carborundum and other carbides 
(T. 86) and conindjim (I. 93), are sometimes U8edi> where great 
refractoriness is n^quired. Corundum bricks are specially valuable 
for use at exceptionally high temperatures such as are attained in 
electric furnaces, as they have ])ractically no shrinkage, a very 
high refractoriness, and a great resistance to abrasion and corrosion. 

These sands should be reduced to particles of the same sizes 
as those used in the manufacture of silica bricks, and are bonded 
with clay or, occasionally, with an organic bond such as glue, heavy 
mineral oil, tar, r(‘sin, or glycerine. 


Sands koh Refractory Hollow-ware 

The term “ refractory hollow- ware ” includes crucibles, muffles, 
some vessels us(;d in cooking and known as “ fireproof ware,” saggers, 
in which the pottery is fired, retorts, (itc. Eacli of these? articles 
is essentially a container in which some matcirial or mixture of 
various materials is heated, the tem]ierature varying from about 
150“ C. in the case of domestic W'are to 1600“ in the case of some 
criuables. The manufacture of these arti(?lcs is described in detail 
in the lief radory Materials : tlmr Manufacture ami Uses} 

and in the presetd chapter it is only necessary to refer to tlie use 
of sand in their production. 

Crucibles are used for heating small cpiantiti(?s of material, 
usually either to melt it or to enable some desirable chemical 
reaction to take place, such as the reduction of a metal from con- 
centrated ore or the production of an alloy. Crucibles are of all 
sizes, from that of a tliimble to those whicdi hold 200 lb. of 
material. 

The crucibles in the production of which sand is employed are 
chiefly composed of a mixture of sand and fireclay which is made 
into a plastic paste with water and then shaped, dried, and burned 
in a kiln. Among the best-known crucibles made of such materials 
are Hessian crucibles, which have long been used in the smelting 
of gold, silver, and other precious metals, and which arc composed 
of a mixture of fireclay and sand in the proportions of two parts of 
clay to four or five parts of sand, and Cornish crucible^, which are 
used for copper assaying and general experimental work ; these are 
usually composed of two parts of ball clay and tw'o parts of sand 
from St. Agnes’ Beacon or its equivalent, together with a little china 
clay in some ca.scs. Other cnicibles sold under a registered name 
or one which is supposed to indicate their place of origin are also 
made of fireclay and sand, the proportions differing according to 
the purpose for which the crucibles are to be used. Other uses of 
sand in crucibles include that of the waste sand from glass-works, 
the use, patented by I. Schlossberg in 1013, of 93 per cent of crushed 
quartzite with 2, per cent of colloidal silica and 4^ per cent of lime 

' See footnote on p. 14.3. 
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for refractory acid-])roof crucibles, and the use of* about 5 per cent* 
of sand in graphite* or plumbago crucibles, epi ployed for making 
mild steel, copper alloys, etc. , • 

Crucibles liave also been lim'd with sand and a suitable binding 
material'.* J. B. Sid{>bottom in 1915 patented the use of sand 
with 0 per cent of ganister, whilst Ni'w and Thomas in 1S79 pati'iih'd 
a mixture of Hint and tiri'clay. 

The sand chietly used in the manufacture of crucibles consists 
of almost pure quartz in gr/jins not more than 0*()2 in. dianu'ter. 
The size and sha])e of th(' grains are not usually of great im})ortance, 
though ‘‘ dust ” and very coarse particles shoidd usually be removc'd 
by scr('(‘ning. Wh(a‘e crucibles ar(^ r(‘(piiri‘d to withstand high 
temperatures and the corrosive action of their contents, the sand 
should not contain more than 3 ])er cent of metallic oxides. A 
sand composed of sub-angular grains is usually to be |)rcf(‘rred. 
Anj^ of the sands mentioned on p. 149 may be used for crucibles, 
provided they conform to the l•equirements just mentioned and 
the individual ]mrticlcs do not crack or disintegrate when heated 
rapidly to about IdOO"^ C. ; this last proviso is important. 

In addition to siliceous sands, certain non -siliceous sands are 
used in tlu^ manufacture of crucibles. The chief of these are : 

Zircon sands, which are spc'cially valuable for very high tempera- 
tun^ work on account of their grc'at refractorim'ss, V(‘ry low and 
almost negligibk; coetUcient of expansion, low' thermal conductivity, 
and great resistance to abrasion and (orrosion (see [). 151). 

(Jorundum, which consists of bauxite whicli has Ix'i'ii fus(‘d in 
an electric furnac(‘, cooled, allowed to crystallise, and aft(‘rw'ards 
purified by clu'mical treatment (1. 94). This material wlu'n crushed 
forms an artificial sand th(^ ])arliclcs of which are bonded togetb(?r 
with clay, c(*ment, plaster of I’aris, or a temporary bond such as 
dextrin, tar, or parafhn to form (*rucibles and other refractory 
articles. 

Silicon carbide (carborumhim) and carboxides, which are comjxised 
of silicon and carbon (together with oxygc'U in the (tas(.' of carboxides) 
obtained by fusing in an electrh' furnace (1. 89). Th(^ products 
are crushed and form an artifii-ial sand wliich is bonded with w’ater- 
glass, clay, or other binding mat(*rial and shajx'd into 

crucibles, rnuthes, saggers, retorts, glass ])ots, vXv.. Th(\y arc valuabhi 
on account of their refractoriness, high thermal {‘onductivity, and 
high electrical conductivity. 

Various other crushed rocks whic;h do not consist of silica, but 
are used in the manufacture of crucibles, an; magnesia, dolomite, 
lime, basic slag, bauxite, graphite, coke, chromite, and iron ore. 
These, however, hardly come within the compass of this volume, 
though in one sense they might be classed as sands (see Vol. T. p. 1). 
All these materials should consist of sub-angular grains, thi; sizes 
of which must be selected according to the purposes for whi(;h the 
crucibles are to' be used. Foi^ most purposes 'they should pass 
completely through an ai^erture ^ in. diameter, but not through 
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a 50-mesh sieve. Where great resistance to corrosion is required, 
much smaller particles may sometimes be u,i.ed wi^i advantage, 
though “ dust ” should generally be avoided. The coarser the 
“ sand ” within the limits mentioned, the greater will be the resist- 
ance of the individual ‘particles to corrosion, but as thf., corrosive 
material penetrates more easily a mass composed of (ioarse particles, 
it is often better to use a “ sand ” composed of smaller particles. 

Fuml sand is used for the manufacture of crucibles and other 
refractory hollow-ware, particularly fo^; use in the chemical industries 
and in chemical laboratories, and as an electrical insulator for 
pyrometer tubes, etc., at high temperatures. As fused silica has 
many of the liroperties of glass, it is referr(;d to moi’c fully in 
Chapter XII. 

Muffles are chamboi’s or containers in which various articles 
are heat(;d to redm^ss out of contact with Hamo. The lu^at is usually 
applied externally, the muffle being placed inside a furnace. Thtjy 
are made of the same materials as crucibles, which in many respects 
they greatly resemble, although they are different in shape. (See 
Crucibles.) 

Fireproof ware is used in domestic cookery because it can be 
placed directly on a fire without being damaged. It is made of 
a mixture of lireclay or other refractory clay and tine white sand 
which need not be highly refractory. Apart from this, such sand 
should have the same properties as that used for crucibles. 

Saggers are rough boxes or cases in which [lottery is placed in 
order that it may be? fired in a kiln or oven. They are best made 
of a refractory clay or grog, but a little sand is sometimes used, 
though by no means a desirable addition. Thi^ most suitable 
sand for the purpose is a highly refractory and comparatively 
coarse one which should contain no particles whitffl will pass through 
a 30-mesh sieve. It should not contain more than about 5 per 
cent of metallic oxides. 

Retorts for the manufacture of coal-gas and for zinc are chiefly 
made of fireclay and grog, but some makers include a little sand 
in the mixture. For this purpose the sand should be similar to 
that suitable for saggers. Carborundum, corundum, zirconia, and 
other non-siliceous sands used for crucibles (p. 153) arp also used 
for retorts. 


Sand for Re fr actor v Cements, Mortars, and Paints 

Refractory cements «and mortars are employed for binding 
together the bricks, etc., used in the construction of furnaces, for 
repairing corroded crucibles, patching, plastering the surface of 
brickwork, and in the form of a paint for washing over refractory 
brickwork, etc., to render it more refractory or to give a special 
resistance to somo'particular influence, such as corrosion or abrasion. 

Refractory cements, mortars, paints, etc., may J>e divided into 
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for refractory acid-])roof crucibles, and the use of* about 5 per cent* 
of sand in graphite* or plumbago crucibles, epi ployed for making 
mild steel, copper alloys, etc. , 

Crucibles liave also been lim'd with sand and a suitable binding 
material'.* J. B. Sid{>bottom in 1915 patented the use of sand 
with 0 per cent of ganister, whilst Ni'w and Thomas in 1S79 pati'iih'd 
a mixture of Hint and tiri'clay. 

The sand chiefly used in the manufacture of crucibles consists 
of almost pure quartz in gr/jins not more than 0*()2 in. dianu'ter. 
The size and sha])c of th(' grains are not usually of great im})ortance, 
though ‘‘ dust ” and very coarse particles shoidd usually be removc'd 
by scr('(‘ning. Wlaa’c crucibles ar(^ r(‘(piiri‘d to withstand high 
temperatures and the corrosive action of their contents, the sand 
should not contain more than 3 ])er cent of metallic oxides. A 
sand composed of sub-angular grains is usually to be |)rcf(‘rred. 
Anj^ of the sands mentioned on p. 149 may be used for crmables, 
provided they conform to the l•equirements just mentioned and 
the individual ]mrticlcs do not crack or disintegrate when heated 
rapidly to about IdOO"^ C. ; this last proviso is important. 

In addition to siliceous sands, certain non -siliceous sands are 
used in tlu^ manufacture of crucibles. The chief of these are : 

Zircon sands, which are spc'cially valuable for very high tempera- 
tun^ work on account of their grc'at refractorim'ss, V(‘ry low and 
almost negligibk; coefUcient of expansion, low' thermal conductivity, 
and great resistance to abrasion and (orrosion (see [). 151). 

(Jorundum, which consists of bauxite whicli has Ix'i'ii fus(‘d in 
an electric furnac(‘, cooled, allowed to crystallise, and aft(‘rw'ards 
purified by clu'mical treatment (1. 94). This material wlu'n crushed 
forms an artificial sand th(^ ])arliclcs of which are bonded togetb(?r 
with clay, c(*ment, plaster of I’aris, or a temporary bond such as 
dextrin, tar, or paraffin to form (*rucibles and other refractory 
articles. 

Silicon carbide (carborumhim) and carboxides, which are comjxised 
of silicon and carbon (together with oxygc'U in the (tas(.' of carboxides) 
obtained by fusing in an electrh' furnace (1. 89). Th(^ products 
are crushed and form an artifii-ial sand wliich is bonded with w’ater- 
glass, clay, or other binding mat(*rial and shajx'd into 

crucibles, mutfles, saggers, retorts, glass ])ots, vXv.. Th(\y arc valuabhi 
on account of their refractoriness, high thermal {‘onductivity, and 
high electrical conductivity. 

Various other crushed rocks whic;h do not consist of silica, but 
are used in the manufacture of crucibles, an; magnesia, dolomite, 
lime, basic slag, bauxite, graphite, coke, chromite, and iron ore. 
These, however, hardly come within the compass of this volume, 
though in one sense they might be classed as sands (see Vol. T. p. 1). 
All these materials should consist of sub-angular grains, thi; sizes 
of which must be selected according to the purposes for whi(;h the 
crucibles are to' be used. Foi^ most purposes 'they should pass 
completely through an ai^erture ^ in. diameter, but not through 
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Other mixtures too numerous to specify in detail contain 
50 per cent or imjre of sand, eru?jhed silica " rock silica bricks, 
the remaining constituents being clay with a very variable pro- 
portion of other ingredients, mr»st of which arc of very doubtful 
value. Some of the latter iiK^rely ac^t as diluents, wljjlst others, 
sucli as hair or fibrous material, an^ useful until the cement is 
heated, after vvliich tlu^y usually burn aw ay and leave objectionable 
pores in the material. Th(> addition of long-fibre asbestos is some- 
times useful as a binder, as it is ijot destroyed at temperatures 
below 1800'’ C. 

Puramachos is an artificial mixture consisting of powdered 
:j^uartz with 10 per cent of lin^clay and a little water-glass. Various 
cements wdiich are similar in composition an^ sold under fancy 
lames. 

The ganiftter coynposiliom or compos which are so largely used 
n comuH'tion with furnace linings are mixtures of cruslicd ganister 
)r otlic'r silica rock with fireclay. VVlu'n dry, they usually contain 
ibout 10 per cent of coarse silica particles more than ^ in. diamt^ter, 
ibout 00 per cent of silica particles betwemi i in. and 0 004 in., 
ind 80 ])er cent of still smaller pai ticles, about half of these being 
•Jay. (JoTU])os sujjplied by different firms vary greatly owing to 
Jie absenc(; of cai’cful screening and grading of the crushed rock. 

4. Mixtures of sand or crushed rocks with a special bond, 
dost f)f these are not of great importance, but one useful cement 
ionsists of a mixture of fim^ sand with 10 per cent of magnesium 
hloride syru]) and is used in the form of a [)utty. This is (excellent, 
)rovidcd tlie temperature to which it is exposed wdien in use is 
lot greatly abovt^ I800‘" (k 

Silica ceuKuits of the types mentioned should contain 83-95 per 
ent of silica, 90 per cxuit being a rougli a\'erage. The proportion 
f clay may vary from 1 to 12 per cent, whilst other materials may 
le present in proportions from 2 to 16 per cent. Such silica 
ements should have? a refractoriness at least equal to that of 
cone 26 and preferal)ly to that of cone 82. 

The shrinkage which silica cements undergo in use is important, 
as the cement will crack if the shrinkage is excessive. The shrinkage 
on drying will depend chiefly on th(> clay j)resent ; according to 
R. J. Montgomery it should not be moi’e than 2 per cent and should 
be prefei'ably about U per cent. Silica cements usually have a 
porosity of 80-85 })er cent when dry ; this is reduced in use to 
15-30 per cent, according to the composition of the cement and the 
temperature to wiiiiii it is heaUxl. 

The grains of sand or crushed silica rock should be sub-angular 
and moclerately coarse unless a smooth finish is required, when 
finer grains will have to lje used. For most purposes, the grains 
should be within the limits of size recommended for ganister (see 
above). 

(3ther refractory cements cohtaining silica ih some form, but 
in wiiich silica is not the essential constituent, are^ very numerous. 
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Most of them resemble the eements just mentioned, but oontaiji 
a much small«jr percentage of silica. For insttpice, sand is some 
times mixed with fireclay in projiortions up to 50 ])er cent of sand 
so as to jiroduce T(di*aetory cements, Avliich are very constant in 
volume. ' Others contain much h^ss silica, flke a much-used daub 
for cupolas and foi* mending the lining of other furnaci's, whicli 
consists of a mixturt^ of 20-25 per cent of silica sand and SO-75 {xt 
cent of fireclay. 

Small (piaiititi(^s of sand ar*^ also used in vai ioiis otluT iidi’actory 
cements, but the sand is then only of slight- imixirtaiicc, and is 
chiefly used as a cheap till(‘r. 

Powdered zirconia (]). 151) and zircon mnds ([. 1!KS) arc' used 
as cement merely by mixing either of tlu‘sc materials w ith a suitable 
amount of water. They an* dc^void of plasticity and adhesion, 
and when tlu'se properties are ret[uired, a suitable bond must be 
added (see ]). 151). Zirconium com])ounds are cliii'lly of value 
on acujount of their high refractoriness. They arc by no means 
easy to use, as cc'iuents and almost all bonds wliich will withstand 
high tein[)eratures seriously reduce the refraetoriiK'ss of t in* zii conium 
compounds. The use of colloidal zirconium hydroxide* is fr(*e from 
this objection, but its prc'paration is difficult, and when prepared 
it is so sensitive to impurities in tlu* zirconia or zircon |)articlcs 
it is recpiirc'd to unite*, that it is by no means satisfae*tory. The*ro 
is am])lo scope for much inve*stigation on the^ production of a re'ally 
good zirconia cement. 

Artificial sands are use'd to a considerable e'xtc'ut in refractory 
cements in eonjunctieni with otlie*r matt*rials. The ])rincipal of 
these are carbides and corundum. 

Carborundum sand is lised in ix'fractory ce'me*nts in e*e)m bination 
with fireclay or water-glass or both. A mixture* of eraeborimdum 
fire-sand and fire'clay has beu'u exte*nsive‘ly used both as a “ mortar ” 
and also as a facing or lining material. The |)i-ecise proportions 
must necessarily depend on the size of the carborundum particles 
and on the binding pow'(*r of the i^lay. 

The following mixtures w'(*re |)atcntcd in lfi04 by L. F. Muller : 
Carborundum 00-1)0 ])arts, fireclay 10-40 )>arts, water-glass 20-50 
parts, and lime 0-4- parts. Foi’ patching fire-brick linings, cs])ecially 
in brass and steel furnacc^s, in r(^\'(*rb(*r‘atory furnace's for copper 
smelting, and in converters, a mixtun* of e(pial parts of carboi’undum, 
fire-sand, and fireclay or china clay is particularly useful. 

The following mixtures have been used for repairing retorts : 

Carborundutn .san<i . . .301 parts. 

Fireclay Ill j)art. 

In some cases silica sand and pow'dcred glass is also added, 
as in the following c(*mcmt wffiich is comim)rdy used in America 
for repairing pots for ’melting glass : Carborundum 1 part, fire- 
clay 2 parts, whit'e sand 1 part, ahd pow'd<ued glaf?s 1 i)art. 

Other clays, such as ball clay, may sometimes be substituted 
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for the fireclay, whilst if sufficient water-glass of good quality is 
fised, the clay may Ix^ omitted where the teihperature is not very 
• great and the carborundum partially replaced by common white 
sand, as in A, which is used for general patches and repairs, and 
B, which has been used for lining iron vessels which are* constantly 
kept hot. 

A. H. 

Carborundum ... 2 .‘t parts. 

Sand . . . . .1 . • »i 

Water-glass . . . 2 2 „ 

Carborundum sand in combination with some suitable binding 
ag(‘nt is also used as (h furnace 'paint. At the Royal Mint a mixture 
of carborundum sand and water-glass alone is uschI. Anothtir 
mixture consists of 05 ])arts of carborundum, 20 parts of fireclay, 
III parts of wat(!r-glass of specific gravity 1-20, ami sufficient water 
to foian a paste. This mixture has been found very satisfactory 
in boiler furnaces, [)ottcry kilns, annealing and other metal furnaces, 
oil-fired furnac(‘s, and for protecting tlu' melting zone in cupolas. 

Siloxicon (I. 90) has been used as a refractoiy cennent in 
combination with wat(‘.r-glass or tar. 

Fused alumina (1. 94) in the form of a “ sand " mixed with 
a small ]jroportion of fireclay has bc(‘n used as a cetnent for articles 
such as muffies, cor(‘S, etc., made of alundum oi- corundum. It 
is specially useful where a cement having a high thermal con- 
ductivity is required. 

Th(^ nature of the sand or crushed rock used for refractory 
cements is, in general, the same as that for ordinary cements (see 
Chaptc^r 111.), but as refractory cements are used at high tempera- 
tures the sand must bt^ sufficiently refractory and, therefore, contain 
a minimum proportion of ffux(‘S. Htaicc it is desirable; to use a 
sand suitable for furnace linings (p. I.'}2) or crucibles (p. 152). The 
materials us(‘d in refractory c(;ments for binding bricks, patching, 
etc., are generally ground so as to pass compli'toly through a 40-mesh 
sieve, as coarst; cements do not give su(;h satisfactoiy results. 
Where thick layers of cement for lining furnaces arc used, as in the 
case of ganistcr (jompos, coarser particles an; employed (s(;e p. 142). 
Zirconia ccm(;nts are preferably ground to ])ass a 60-iiiesh, and a 
small proportion should be in the colloidal state. Podszus and some 
other investigators grind the zirconia so that it will all pass through 
a 200-mcsh sieve. 

Preparation oe kSands for Refractor v Purposes 

Little purification of the sand is usually necessary. If it contains 
any undue proportion of impurities, dirt, roots, etc., some of these 
may be removed by washing (1. 384), but where possible, it is 
desirable to use a sand which reqijires no treatment. 

(Mishimj. — When the sand is prepared from rocks or other 
massive material, it is necessary to crush and grin^. them so as to 
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reduce the particles to the desired sizes. This is effected first hy 

preliminary crushers* (I. 846) aiid finally by fiye grinders (T. 368), 
the plant selected depending on the output desired and the required * 
fineness of the product. 

i^creenyng may be necessary in some eatles to remove any very 
coarse or excessi\ely fine material. A large propoi-tion of fine 
material is undesirable in the sand used for furnace hearths, 
crucibles, inuftics, retorts, and other refractoi’y hollow-ware, but 





Fics. 10. — Vicona scroon. 


it is less serious in furnaces cements, some of which are more 
convenient if fine. V^ery coarse material is undesirable for any 
purpose mentioned in this chapter, with the possible exception 
of large retorts, so that it must be scroeiK^d out before the sand is 
used. The methods of screening are described in Vol. I. Chapter X. 
The Vicona screen (Fig. 10), which is described in Vol. 1. p. 453, is 
compact and very suitable for this purpose. 

Drying is unnecessary in the case of siliceous materials to be 
used for making refractory articles and for reiVactory cements, 
but it is mostj important that sands or crushed rocks used for 
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lining tho hearths of motallurgical furnaces should be properly 
dried before use, for, the reasons given on p. 141. Tl\p drying may 
be. effected in any convenient manner ; various methods are 
descrilxid in Vol. 1. p. 401. 

Mixinfj . — As sand is* only one of the constituents of the various 
materials mentioned in this chapter, its thorough mixing with the 
other ingredients is a matter of great im])ortance. In tlie case of 
materials for the manufacture of erucibhjs, muffles, saggers, retorts, 
etc., the mixing is a part of the genez-al routine of manufacture of 
those articles, and is described fully in the author’s Refractory 
Materials: their Manufacture, and Uses. 

The materials for indractory cements are best mixed in the dry 
state in a blending mill or in a double-shafted trough mix(T, and 
afterwards with water in a revolving pan mill (I. .‘ISl ). The customary 
method of mixing is very crude, and consists in ]dacing a definite 
number of “ shovelfuls ” of the solid in the pan mill, adding as 
muoli water as it is supposcal w ill mak(^ a suita))lo ]mste and allowing 
the mill to run foi' about 20 mins. This method of ])roportioning 
the materials is much too inaccurate ; the solid materials should 
be weighed separately, mix(‘d in tlu^ dry stat(‘, as just mentioned; 
a definite weight of tlu^ mixtures should th(>n be placed in tho pan, 
a definitt; (piaiitity of waU'r added from a measuring tank (an 
ordinary donu'stici cistern of the pull and kd go ” type is excellent), 
and the pan run for 20 mins, as Ixdore. By ])aying greattu* attention 
to the accuracy of the quantities and by first mixing in the dry 
state a greatly superioi’ product is obtained. 


Testuso Sands eoh Rekraci’ouy Purcoses 

The principal tests to be applied to sands used for refractory 
purposes arc; the following : 

1. Chemical com])osition (T. 237). 

2. Mineralogi(ail composition (1. 250). 

3. (leanness (1. 244). 

4. Microscopical examination to detu’mine the shape and size 

of the grains ([. 241). r. 

5. A grading or sizing test to determine the proportions of 
particles of various sizes and to indicate whetluu' tho material is 
suitably gi’aded (1. 240). 

0. Refractoriness (T. 2(>0). 

In the case of rocks which are to be crushed to form sands, tho 
following additional tests are useful : 

7. The rock must be of such a texture tliat it can be crushed 
fairly readily to j)articles of the required size. For this reason, 
materials such as chert are undesirable, as the cost of grinding them 
is very great. Th(; difficulty can be avoided to some (‘xtent by 
heating such material to redness* and quenching*^ it in cold water 
so as to cause great strains and cracks in the matej’ial and render 
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crushing easier. Unfortunately, materials so treated are not 
suitable for u(^ unde? th(^ most stringent conditions. 

8. When the rock is heated to a temperature of 16()0°-170()'’ C. 
for four or live hours, it should not fuse or disintegrate into small 
pieces. If»a few cracks occur or the material breaks into very large 
pieces, these may be disregarded, but if it disintc^grates seriously, it 
is generally unsuitable and its use undesirable, unl(*ss it can be 
employed in the form of fine powder. Most rocks composed of 
large crystals of quartz wilk disintegrates under this treatment, 
whilst thost^ composed of small fragments of quartz united by a 
siliceous cement will remain intact, and are preferable for refrac- 
tory purposes. 

y. On examining the rock by means of polarised light under a 
microscopes, if the light is extinguishe'd in waves it is undesirable 
to use the rock, as it has been subjected te) great strains due to 
pressure*, would crack w'hen in use;, anel be^ very sensitive; to sudel(;n 
changes in tenq)erature. 


VOL. II 
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CHAPTER Vlll 

THE USES OF SAND IN AGRICULTURE 

TiiK uso of wand in agriculture involves considerations different 
from those in other industries dealt with in this volnnie. In 
metallurgy, the manufacture of refractory materials, glass, abrasives, 
et(;., it is ])ossihle to a very large dc'gree to choose the particular 
kind of sand which would be most satisfa(‘tory fo]’ th(^ j)articular 
purpose und(‘r consideration, but in agriculture, on the contrary, 
the sand is largely in tlu^ soil, and its nature' and amount in any 
particidar soil (tan only be controlled to a small extemt. In some 
cases, j)arti(nilarly in Erance, sand is added to a soil for agricultural 
and horticultural purpose's, but this is only done to a C()mj)aratively 
small extent, as tlie cost of treatijig largo areas of land in this way 
is prohibitivet. The present chapter will deal ethiefly, therefore;, 
with the purpose of sand in soils and the ])art it plays in agriculture, 
and to some e'xteuit with the improvenu'ut of soils by the addition 
of sand to them. 

As previously stated (T, 160), soil consists of sand and clayey 
matter, together with organic matter and mineral salts. The 
organic, matter and mineral salts sup])ly the nutriment for the 
plants growing in the soil, the clayey matter holds moisture which 
is supplied to the plant roots as it is required, whilst the sand acts 
as an ope'uing material and se;rves the; following purposes : (a) it 
renders the soil easier to dig, plough, or otherwise bre;ak up; (6) 
it renders e;asie;r the; movement e)f growing roots in th^e soil ; {c) it 
prevents the excessive accumulation of water, as a sandy soil holds 
water less easily than a wholly clay one, and thus renders drainage 
easier and improve'S the quality of the land ; (d) it makes the soil 
porous and so enables a ple;ntiful supply of air to be present ; and 
(e) it acts as a support for the colloidal en* gelatinous matter from 
which the plants primarily deprive their nutriment. A good soil 
may, in fact, Ik; regarded as a collectiem of particles of sand, each 
of which is surrounded by a film of colloidal matter saturated with 
water containing in solution various salts and other plant foods. 
If the colloidal film is excessively thick in' proportion to the size of 
the grains of sand, the soil will* be heavy and rtadily waterlogged ; 
if the film is too thin or irregularly distributed over the grains of 
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sand, the soil will be light and ‘‘ poor ” (i.c. deficient in nutriment 
for the plants V Ht;nT;o, the size* of tlu^ grains of •sand and the thick- 
ness of the film which covers them are two of the most important 
factors in tlu^ constitution of a soil. ^ 

Tlu^ prDportion of sand in a soil is of great im])ortance, hut it is 
the relative volumes of sand, colloidal matter and air, jather than 
their resp(H;tive weights, which det(‘rmine the fertility of a soil. 
These volumes d(?[)end in turn on th(^ diam(‘t(‘r and shapes of the 
grains of sand, for grains of Jiuwierous sizes which foi iii a w{‘ll-gra(l(‘d 
and compa(!t mass vv^ill form a far less fiutile soil than grains which 
are mon^ uniform in size, as these latfia- are wifil s(^j)a]ated and so 
have relativ(‘ly large space's betwt'C'u them. Soils an^ classed as 
light or lu^avy according to tlui relative volume of sand tlu'y contain ; 
a light soil is one (jontaining a relatively large voluim? of sand, 
whilst a heavy soil is one (consisting chiefly of clay. Jjight soils 
are also tc'iMiied r/r//, warm, baHey, and lurniy soils, whilst heavy 
soils ar(5 sometimes termed vwi, void, wheat, or bean seals. 

The ease of working of a soil is largecly el(‘[)endent on thee j)ro- 
portion of sand present. Light soils are easily ])loughed oi* otlu'r- 
wise cut uj), whilst heavy soils which contain less than 2t) per ecc'nt 
of sand are difficult to work. Whilst ease of working is not 
important in itse'lf, as a heavy soil merely ne'eds a little more* poweidul 
machiiK'ry to e;ut it up, this epiality is ofteni an indication of the value 
of a soil, as will be shown later. Moreover, a soil which is difficult 
of penetration by a plough or spade is one in which many plants 
do not grow recadily on account of thee re*sistancc to their roots in 
a he;avy soil. 

The shape of the particles of sand in a soil appears to bee of 
minor iinjMUtaneo, ami rio results hav(‘ bee'ii j)ublished which s[)eak 
in favour of grains of any particular form. 

The size of the grains of sand is v(*ry important. A very coarse 
sand is of little value; in a soil, espe'ecially if tliere is barely sulficieuit 
colloidal mattecr, as huge grains te'ud to form large air-sj)ae;es or 
voids and so cannot retain suftiecient moisture in the soil, but allow 
the water, supplied to the; land by rain, e;tc., to percolate away very 
rapidly, as shown on p. 171. It is thert;fore ve;ry de'sirable that the 
sand should4>c sufficiently line-graineMl, so as to f)resent a maximum 
surface to the water and so execi’cise sufficie;nt rete*ntive; poweer. 
The jjarticles should not be too finec, or the; interstitial spaces will 
be exceedingly small, as in clay soils, and the distribution e^f the 
water through them will be renele;re;d very slow and irre;gular. The; 
grains should also be sufficiently coarse to permit the air to circulate 
freely in the upper layers of the soil (se;e 170). 

The grains shoulel be as nearly uniform in size as possible, as 
this tends to ensure a maximum porosity, the size of the; pores 
depending largely on the size and shape of the grains, whilst the 
total pore-space; depends chiefly on^the grains being^of uniform size. 
Sands composed of grains of various sizes form compact masses, 
as in concrete, ^hich are quite undesirable in soils. The latter 
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should be porous and, therefore, composed of uniform grains, as it 
has bc^en found thr-t the maximum fertility Is obtained whore the 
sand is fine-grained and uniform in texture. In determining the 
sizes of the partieles of sand, care must be taken to make a proper 
distinction between the inert or crystalline particles of sjjfcid and the 
active or colloidal pa7*ticles of clay and organic matt(u*. The latter, 
like all colloidal material, must be composed of (’ixtremely minute 
particles, and a sufficnent amount of this material should be present 
to cover all the sand particles com‘pletely without unduly filling 
the pores between the grains. 

If the particles of soil consist of flru^, yet not “ dusty,” grains 
of sand, each covered with a film of clay or other colloidal matter, 
and with suitabk^ interstices or voids Ixdaveen the solid particles, 
they will produce a very valuable material, with a large surface 
area, ample water-retaining power, and sufficicuit porosity to permit 
proper aei'ation and the free moveurumt of the [)iirtieles when 
subj(?cted to the pressure of plant roots. 

The majority of soils of this kind are (;om posed of sand d(‘[)osited 
by w'ater or wind-borne, the former being by far the more? iiriportant 
in this country. Good examples of wind-borne soils are tin; black 
soils of the North American prairies, the Steppes of Russia, and 
the lot^ss of (iiina and elsewhere*. 

In this country, the importance of suitable^ t(^xture of a soil 
is clearly shown in the Thanet sand soils of Kent. Thest? arc not 
rich in plant-food, but on account of their textures they are able 
to carry some of the best fruit and hop farms in the land, and these 
farms, on account of their productiveness, are v(‘ry valuable. 
Other examples which are equally striking an? tlu^ silt soils of 
Boston and Wisbech on the seaw^ard sid(^ of the Fens, or the famous 
red soils of Dunbar. These are light and easy- working, and are 
not rich in plant-foods except as a result of (!ontinuous and heavy 
manuring, but they are of exactly the right texture for the free 
yet not excessive Tiiovenumt of water in the soil, with the result 
that they respond to good cultivation and carry some of the best 
crops in the country. 

The effect of the sizes of the grains of sand in various soils is 
well shown in Table LI. • 

These soils were selected by Sir A. T). Hall, who has made the 
following comments on them : 

“ In soil No. 1 the sand is almost wholly coarse?, nearly 75 per 
cent of the soil c;onsisting of coarse material. Such a soil obviously 
could not be very productive on account of its coarseness, and 
could only be used for planting trees of the pine and fir class, which 
have roots sufficiently long to penetrate deeply into the soil, where 
a larger proportion of moisture occurs than at the surface. The 
coarseness of the sand and the presence^ of so small a quantity 
of clay accounts for the very l(w retentive powpr for water. Such 
soils may occasionally be used for market gardening on a small 
scale, but they require a considerable amount# of improvement 
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Table LI. — Sizes j)F Pahticlijs in Typical Soils (A. 1). Hall) * , 
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Fine gravel 

41 

1-0 

30 

1-2 

1-9 

1-9 

1-3 

0-4 

Coarse sarul . 

708 

40-9 

. 33-8 

0-3 

3-3 

0-2 

21 -2 

0-8 

Fine sand 

7-0 

101 

28-0 

32- 1 

30-8 

21-4 

12 -.5 

0-4 

Silt 

ir > 

IM 

.5 0 

33-3 

210 

. 32 -.5 

1 . 5-0 

18-0 

Fine silt .... 

5-8 

• 5-0 

10-8 

, 5-3 

14-3 

1 . 3-8 

11-9 

1 . 3-0 

Clay 

4-7 

0-7 

0 0 

11-8 

13 -.5 

17-0 

28-3 

42-2 

Moisture .... 

2 -(> 

1-2 

4-3 

1-9 

1-4 

2-2 

10 

9 -.5 

Loss on ignition 

3-0 

3-8 

0-9 

4-0 

4 - r , 

. 5-8 

7-8 

91 

Calcium carbonate 



0-2 

0-1 

0-3 

2 -.5 

1 




* The Soil, |)p. 


before they can bo satisfactorily employed, and th(\y wonld su1T(t 
greatly from drought if they occurred in localitii^s where then; was 
likely to be any siuious scarcity of water. 

“ Soil No. 1 is tyjiical of the uplands of tlie Bagshot and J^ower 
Greensand beds of the south of England. These have no supply 
of water near at hand, and do not readily retain rain, so that they 
are almost baiTen and only suppoi't the plants characteristic of 
heath lands. 

“Soil No. 2 is a sandy loam from Woburn. The proportion of 
coarse sand is still somewhat high, so that the ground is not s])ccially 
fertile, though it is very useful for market gardiming, barley, and 
turnips, but too light to grow wheat satisfactorily. 

“ Soil No. 3, fi’om tin; vicinity of Dunbar, is another sandy loam 
which docs not contain (piite so mu(;h (‘oarse sand, and is therefore 
of greater fertility than the pre(;eding. A soil of this kind is suitable 
for all (jrops, and esp(;cially for potato(;s, for which this particular 
soil is highly valued, 

“ Soil No. 4 is a very good loam from the Thanot beds of Kent. 
It has a fini; texture and is quite easy to work. On account of 
the larger proportion of line particles, it retains water rather better 
than those ])reviously mentioned, and conse([ucntly is able to 
withstand ai drought better than those consisting of coarser sand. 
It is an excellent soil for general cidtivation, though a little light 
for wheat and pasture in the south and east of England. 

“ Soil No. 5, from the Hastings beds of Sussex, is somewhat 
similar to the preceding soil, but contains a larger proportion of 
silt, and is consequently more retentive of w'ater, usually being 
somewhat sticky and heavy, making it appear like a clay, though 
the proportion of this constituent is comparatively small. When 
suitably treated with lime, etc., they give very good results and 
are especially valuable as grass lands. 

“ Ln Soil No. 6^ the proportion of clay is higher^ whilst the pro- 
portion of sand is small, with the result that it is heavy and w'ould 
be difficult to wprk were it not for the flints, etc., which occur in 
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tho surf{ic(‘ <iiui liu' «iih iipi'ii. j i, is also iiiKlia'-clj'ainod 

f)y clialk-rock, ot}u'r\viS(‘ it would toiid to Iti' V(“]‘v> wot. Soil of 
this tvpi’i is (juito ^ood for A\”lioat, mangolds, boans, and ])asturo 
land, but is ratiau- Jusavv for barley and turnips. 

“ Soil No. 7 is as heavy as ean [isually be eultivat(‘d« and, were 
it not for tlu' coarse sand ])resent, would be too lu'avy to use. 

“ The last soil, No. S, is [iractieally useless for cultivation, on 
account of its heaviness and thc! ex|)(‘ns(i of treatmiuit, as nearly 
halt the material bt'longs to th(‘ clay grade, and only about S per 
cent of sand is {iresent. TIk" soils of Oxford, Kimnun’idge, and 
Lonilon (Tiy areas ai(^ of this tyjH^ and are amongst thc heaviest 
in this countiy.'’ 

Th(^ (dfect of th(^ siz(^ and naturi' of the giains on th(' permea- 
bility of till' soil is shown in Tabl(‘ LLll. (p. 171). 

From the abov(‘ comparisons of soils, tlu^ importanci' of tin* 
siz(‘ and amount of sand in th(‘ soil will readily Ix^ rcaliscfl. The 
bi'st ri'sults are obtained by a mixture containing grains of sand 
of small and uniform size and a sutlicient quantity of clay and 
othm- colloidal matter, forming a combination which letains the 
moisture and yet has in it sullicieiit sand to ])roduc(‘ aji opiui soil 
which is laii'ly light. Coarse sand is undesirabk* in most cas(‘s, 
but it is pref('rabl(‘ to no sand at all. 

Distribution.-- The typical sandy soils of this country an^ (uther 
alluvial Hats iii tlu' lower l(‘V(ds near ri\i*rs, passing into duru^s 
where the sand aecumulat(‘s ruair th(‘ S(‘a, or ai-e directly derived 
from some of tlu^ many coarsi'-graiiu'd sandy foianations. Tlu‘ 
Bagshot beds and th(‘ Lowei* (Iremsand formation h)rm wide 
ai’eas in tlu* south-(‘ast ; the sandy Ix'ds of the Ooliti' produei^ 
similar soils in Northam])tonshir(^ and the Fast Midlands ; farthm- 
west and northward tlu^ ihinter beds giv(‘ risi' to other* very coarsc- 
textuie<l soils, as does the Millstoiu' Crit in moj'i* elevated ari'as 
in th(‘ north, ^riie sandy soils pass into tlu* loams, w hich contain 
sullicient sand to be friable and to admit of percolation, yet retain 
sufficient watm* lU'ar the surface to withstand short s])ells of dry 
weather’. If thc sandy fractions of the loam are very liju'-gr’ained, 
the soil is apt to run and becorrre sticky in w’et wa^ather, afterwvar’ds 
drying to hard chxls. Tlu* loams ar-e ty|)ical soils for arable 
cultivation and ar e suitabk* to almost all cto])s (see also Vol. T. p. Kil). 

Chemical Composition. — At oru^ time tlu^ chmniiud composition 
of the sand in a soil was n‘gar‘ded as important, in that tho pro- 
portion of mineral salts, (de., in the soil to a small (?xt(Uit di'pend 
on it ; within recc'ut year’s, however, it has b(*en found that tho 
minmalogical composition and cei’tain physical properties of tho 
soil are much more important than tlu^ ri'sults shown by chemical 
analysis. 

Table LI. (p. IGo) sIioavs that- th(> child constitiumt of soil is 
Hand, Avith a variable ])ro portion^ of silt and clay.^ The composition 
of this sand is very variable, as may bo judged from tho following 
par agraphs and fi’om the section on Water Hetentiofi. 
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The mineral portion of tlie soil fjonsists ehielly of silica, tlu‘ other 
constituents, pliieli ?ire very fiiirnerous, bein<( in imieli siniillcf 
proportions. If the .soil is \va.shetl to r(‘inovt‘ aillu'r<‘nt oiLjanie 
Tuatter, elay, and sohihh' .salts, tlu‘ re.sidual ” sand " will consist 
very largely of silica in the form of (piartz, t'ogethcr with a variable 
[)roportion of alumino-silieates, ealcimu carbonate, limonitc' or 
other iron compounds, and very small |)roportions of othca* miiK'rals. 
As all these miiuM’al grains may act as siip})orts for tlu' (•(►lloidal 
matter, th(‘ir composition is of minoi’ im|)ortane<‘ and is only ^sorth 
consid('ration wlnai thc'y react in such a manner as to supply some* 
n(‘ed(‘d ])laiil -food. For this r(‘a..son, a chc'mieal analysis of a soil 
giv('s V(‘ry little indication of its value, though it may show whtdher 
it is rich or detiehait in c(‘rtain plant-foods. 'Plu' pc'reeiitage of 
silica in soils is so vai’iable that it eann(>t be i‘e])res('nted by any 
singl(^ llguri'. 

Tile alumina in a soil is chiefly tin^simt in th(‘ form of clay, bnt 
a part of it usually (‘xists in th(‘ sandy [lortion as ielsjiar, mica, 
and /.(‘olites. Thesis throe groups of minerals all yii'ld potash, 
soda, or lim(‘ when deeomj)osed by the action of tlu* wi'athei', and 
so form a soui'ci* of supply of tlu'si* oxides to the soil. The function 
of the clay, as previously deserilx'd, is to form a. t hin lilm of colloidal 
or phustie ma,t(‘i'ial around each gi’ain of .sand, this lilm acting as 
the dirc'ct storehousi* of the |)lant-foods aiul of moisturi* in tlu^ foian 
availalile for the ])lants to use. If too litth^ clay is presi'ut, the 
soil cannot l■(‘tain tlu'sc foods and will lx* " pixir,*’ whilst an (‘xei‘ss 
of clay will so (ill the int(‘r.stic(‘s Ix'tween tlu* giains of sand that, 
tlu; soil beeom(;s impi'iK'trable. 

Jroti ccmipaumls arc* |)r(;sent to a eonsidiu’abh; e.xti'Tit in most, 
soils. They are usually dissi'ininated vi^ry tiiu'ly and so are not 
mu(*h notici'd, Imt. in .sandy soils their firesenei; is moii* in evidenct* 
on ae(!ount (»f the smalh'r surface an'a of the soil. Most iron 
coni])oimds, tiai'tieularly limonitc* (I. ISO) and nontronitc*, do not 
appear eitlu‘r to gi'catly harm or benefit .soils, as no r(‘lation has 
e,V('r been traced betwe<‘n tlu; prop<»rtion of iron oxide in the soil 
and its lertility, but the average [iroportion of ii’on eompouiids 
in soils is equival(‘nt to 3-5 per i;ent of fei’iu; oxide, though in 
extreme eases as little as I per cent or as much as 12 per cent juay 
be ])r(‘sent. Unoxidi.sed iron .salts .such as glaueonib; and otlu‘r 
double f(‘rrous silicates or finely dis.se minuted iron jiyrites have 
a v(;ry harmful (*fTi‘ct on the .soil. Until tlu'.si* materials have 
been oxidised to ferric; hydroxide, the; .soil remains stcTile ; this 
is partic'ularly the case with iron ])yrites, which, in the; form of 
marca.sit(;, easily oxidises and tlu/n yields both ferrous suljihatc; 
and sulphuric acid. 

Calcium carhormte is a very imjxjrtaiit natural (;onstituent of 
most soils ; it is id.so added to make; uj) for any defici(‘ncy of 
lime, as agriculturists generally agree that about Ul p(;r cent of 
calcium carbonate should be iiresent. Where \X is ab.s(;nt from 
a soil, tlu; latt^;!' becomes a(;id and st(;rile, or the iilaiits grown on 
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such soil develop fungoid diseases. In strong soils containing much 
oiay, calcium carbopate acts partly as a san(t and serves to open 
• up the soil, renders it less retentive of moisture, and enables the 
air to penetrate it more readily. In sandy soils it acts like clay 
and serves to bind the kand together and enables the soil to retain 
more water. Lime and calcium carbonate also serve a very 
important purpose in controlling the volume of colloidal gel in the 
soil and, therefore, its permeability and water-retaining power 
(p. 160), and in breaking up the i^)cks from which the soil is 
derived and liberating soluble salts. Thus the dissociation of 
alumino-silicates, felspar, etc., by lime supplies potash to the soil. 

Table LIL, due to Senft, shows the amount of soluble salts 
removed from two granites by the action of water which has 
percolated through limestone and therefore contains carbonic acid 
in solution. 

Table LI 1. -Soluble Salts bemoved from Granite 



A. 

H. 

Potasli Rs bicarbonate 

15-25 

5-8 per cent 

Soda a.s bicarlxjnate . 

2-0 

8-10 

Lime as bicarbonate . 

1-2 

4-5 

Magnesia as bicarlionate . 

Trace 

10-15 

Silica as bicarbonate . 

Little 

Little 

Iron as bicarbonate . 

'IVace 

Trace 


Calcium carbonate also reacts with the phosphates of aluminium 
and iron and liberates phosphoric acid. 

The soluble salts in soils are chiefly mineral in origin and are 
largely the same as thoscj which occur in the less pure sands. Some 
of these salts are very important plant-foods, but others are 
detrimental to plant growth. Thus, magnesium and sodium 
sulphates and sodium chloride are very harmful in soils, and where 
such salts are formed by the disintegration and decomposition 
of the rocks producing the soil, the latter is seldom very productive ; 
if they are pi’csent to any great extent they may poison the whole 
of the vegetation on the land. 

Soils resting upon a serpentine base are invariably very poor 
and sterile, on account of the magnesia which enters the soil as 
a result of the decomposition of the rock. Some of the Wealden 
clays which are rich in magnesia also give very poor agricultural 
results. 

When calcium salts are present at the same time as the salts 
just mentioned, the action of the latter is diminished. 

Marshes near the sea which are contaminated by salt are only 
able to produce certain forms of vegetatioli. They are of little 
use for agricultural purposes. Ilf has been founfl that grass will 
grow on soils containing up to 2 per cent of salt^. whilst barley 
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has been grown on soils containing more than I J- per cent of saU. 
Clover cannot<,grow soils containing more tluvn | per cent of salt. 

Potash does not occur in a useful form to any great extent in 
the sand portion of a soil, but is mort^ usually assoiiati'd with the 
amount of clay present. Its proportion irufreases with an increasi^ 
of finely divided clayey matmial, which seems to point to some 
relation between the two. The proportion of potash varies from 
a mere trace in sandy soils to 1 *5 per <‘('nt in some clay soils ; to 
be useful as a plant-food, it* must be in a soluble form and not 
present as felspar or other silicatf\s. 

Phos 2 )honc acid is partly (l(‘riv(‘d from the minerals ])resent 
in the sand, such as apatite, etc., and partly from artiiicial manunvs, 
which are addi^d to make up any deliciency. Usually not more 
than about 0*1 per cent of phos])horie acid oc-imrs in (!om bination 
with the iron oxide and alumina. The mineral phos])hates are 
not so important as the i)hosphoric acid formed by the d(H;ay of 
organic matter and that which is added intt^ntionally, as the 
mineral phosphates are less solubh^ and therefore less easily taken 
up by the plants. In general, about 0 -25 per cent of total phosphorus, 
cxpr(‘ssed as the pentoxide, is present, though some soils contain 
much more. 

Organic miller in soil con.sists almost wholly of decomposed 
vegetable and animal matter, the most important constitiK'iit 
being that ill-defined colloidal mattiu* commonly known as humus. 
A consideration of tlu^ natun’i and composition of this material 
is beyond the scope of the present volume, so that it is sullica(*nt 
to say that the cliief characteristi(;s of this material are those of 
a colloidal gel, which absorbs water and swells and thereby serves 
as a reservoir from which plants can deriv'e their sustenance. 

Physical Properties. — The value of a soil dejK*nds far more on 
the possession of certain physical [)ro{Xjrties than on chemical 
composition, so that it is necessary to mention the more important 
of these properties. 

The texture is important, as it rt'gulates the circulation of air 
and wat(;r through the soil ; it depends on the shape and size of 
the grains of which the soil is composed and on the proportion of 
colloidal or, gelatinous matter present. If the grains of sand are 
too large, the soil will be coarse (p. I b3) ; if they are too fine the soil 
will lack permeability (below ) ; and if the grains are too irregular 
in shape and size, the soil will be too dimse and compaist. The 
grains of sand which constitute the bulk of the material should 
therefore be of nu^dium fineness and as uniform as possible in size 
(p. 163). 

The permeability of a soil depends on the interstices or voids 
between the grains being sufficiently large to allow air or water 
to pass freely through the soil. A soil with only minute voids 
may have a high perbentage of porosity, but may not be very 
permeable, as the* pores may be t6o small. Tliis Is a factor whose 
importance is ^eldom as much appreciated as it should be. For 
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the reason just stated, the porosity of a soil is not always a reliable 
gViidc to its value. »The highest decree of i)erTfieabilit^^ is possessed 
* by soils consisting chiefly of medium-sized, sub-angular or rounded 
grains of sand. The film of clay or organic matter covering these 
grains must be as thin fis the desired fertility will j)ermit,*and none 
of the por(\s should be filled with clay or organic matter. (See 
Aeration and Water Retention.) 

For the n'lation of porosity to surface area see Table LVTI. 

The aeration of soils is very im|Mutant. It is nec(^ssary that 
a supply of air should be able to penetrates the soil and gain access 
to the roots of the plant, as some of the bacteria, etc., which play 
fin important part in supplying food to the plants are aerobic, 
i.e. they require air for their growth. Aeration is also n(K;essary 
so as to produce suitable oxidising conditions in the soil, as tlui 
presence of unoxidis(‘d matter is a soun^c of sterility and must 
be cartdully avoid(‘d. Want of aeration also cause's acidity in soils, 
whit'h is a further source of lack of fertility. 

Th(^ a(‘ration of soils depends chiefly on the size of the interstic^cs 
or pores betw(‘(ui the grains, and this in turn dcqxmds on the pro- 
portion of sand present and on the shaj)(5 and size of the sand- 
grains (p. 163). 

It should be rememlH'red that a high porosity does not mu'essarily 
provide good aeration (p. 169). In Table LVII. (p. 174) it will 
be s('en that clay soils have a high porosity, but the aeration and 
permeability are low IxH'ause the particles an^ extremely small 
and the interstitial spaces are consequently very minute, with the 
result that air only passes through them with great difficulty, 
owing to the high n'sistance to flow imposed by small channels. 
Soils containing much mod(irately fim^ sand, how(W(‘r, consist of 
larger particles, and whilst the total pore-spaci> is not so large, 
the air-passages an^ larger and offer less n^sistance, so that the 
soil with the smaller porosity has, in this cas(i, the greater 
permeability and capacity for aeration. It is important to observe 
that in two sandy soils having the same total porosity, the one 
with the largest-sized pores would, of course, be the more easily 
aerated. It should also be observed that in many clay soils the 
large pore-spac(? is largely filled with water, so that the passage 
of air is impossible. Sandy soils, being less ret(mtive of water, 
usually have a greater capacity for circulating air. ^ 

Water Retention . — It is, of course, important in agriculture that 
a soil should contain sufficient water to supply the roots of the 
plants growing on the land with as much as they rtxpiire. A clay 
soil containing a large proportion of colloidal matter will absorb 
a considerable amount of the rain which falls on the land, as one 
of the characteristic properties of clay and other colloids is their 
power of swt'lling when wetted, so that they form a reservoir of 
water in the soil. The swelling also decreases the amount of 
pore-space in the^soil, and thus renders the passagS of water through 
the soil very difficult and slow. Not only is its ^ow diminished 
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by the increase of friction in the narrow channels thus formed 
between the jf)artiolt^, but, in \he case of clay, tin? dimensions (»f 
the particles arc so small that most of the contained water does * 
not flow at all, but merely diffuses through th(^ soil. Moret^ver, 
water (jan-not flow through a bed of clay or loam unless the particles 
have first been allowed to expand ami lake up a sufficient volunuj 
of water. Hence, clay is impervious to water and will not allow 
it to pass through into the subsoil very readily, but tends t(^ retain 
it and so keeps the surface the soil moist. If too much clay is 
present, an excess of water will be retaiiu'd and tlu^ land may become 
water-logged ; this is just as harmful to some plants as the absence 
or scarcity of wat(^r is to others, so that an excessivt'ly clayey soil 
is undesirable. vSand, on the otluT hand, has no absorptive power, 
so that very little water is retained by it ; most of th(^ water ra])idly 
percolates through into the subsoil and escajx's without bcauMiting 
the plants growing on tlu^ surface. A “ soil ' compos('d wholly 
of sand would, therefore, Ix^ steril(‘. To be of value, a soil must 
consist of clay and sand of such a nature and in such proportions 
as to retain the desired amount of water without allowing it eitluT 
to perc.olate away too rajjidly or to be retained too long. 

The amount of water passing through soils containing sand 
and clay in difftTcnt proportions is well shown by sonu5 (‘X])oriments 
made by King,’^ wiio inaintaimHl water at a head of 2 in. above 
columns 14 in. long and 1 s(j. ft. in section of various sands and 
clays, and measunxi the number of inch(‘s of watcu* passing through 
each column in 24 hours. His results are shown in Table Llll. 


TaULS Llll. — PsUMKABJiaTY OF SaNJ)S TO WaTKU 


.Miitoriiil. 

Si/.(“ ot I'jirticUs. 

Inclirs of W’aU'r per sq. ft. 
passiiifi ill 24 lionrH. 

Sand 

40- OO-rnesh 

:ioio 

Sand 

00- 80 „ 

100 0 

Sand 

8(MOO „ 
100-ir>csh and finer 

7:L2 

Sand 

:i9-7 

Clay loam .... 


10 

Black marsh soil . 

1 


0-7 


T/; will be noticed that witli the finer particles tliere is a great 
diminution in the rate of flow. (>)mparing the various sands it 
will be seen that the one passing through a 100-mesh sieve will 
retain nearly S times as much waUn* as orui which passes through 
sieves of between 40- and 60-mesh. When clay is introduced the 
percolation is enormously reducxxl, the amount of water passing 
through a marshy soil being very small indeed. Hence, when a 
soil is rich in mim5ral salts, bases, etc., it may be quite uscl(>ss if 
the texture of tly? soil is such as^to prevent the ]iro|)er distribution 
of moisture. 

\ Physics of Agriculture f Madison, Wis., 1901. 
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Another experiment which possibly corresponds more closely 
with the drainage o{ soils in situ than the pr^ceding^one, consists 
in measuring the amount of water drained from various sands and 
soils in a certain time. The results of several such tests are shown 
in Tabic LIV. and dentonstrate clearly the effect of sar>d on the 
water-retaining power of the soils : 


Table LTV. — Water drained from Sands and Soils ♦ 


±. 


MatcriuJ. 

^ Inchon of Water lost in 







.30 Min. 

.3 1-00 Min. 

2! Honrs. 

2lo IJ Days. 

12 to 21 
Days. 

No. 20 sand 

10 ^f) 

4 08 




No, (50 .sand 

5-07 

4 ■52 




No. 100 sand . 

1-21 

•84 




Sandy loam 



2 -(>4 

5-07 

■0 

Clay loam 



1-90 

2-II 

•49 


• Hall, The Sail, p. 82. 


If columns of sand and clay mixed in various proportions are 
saturated with water and then allowed to drain, the quiede drainage 
of th(5 upper layers of sand is very evident, whilst columns of (day 
maintain a fairly uniform proportion of water throughout their 
height. It will thus be seen that the effect of sand in a soil is to 
increase the aeration and to allow water to percolate through 
much more rapidly than if much clay were present in the soil. 
Sand also increases the rate of evaporation of moisture from the 
surface of the soil. 

Whilst sand is advantageous in making a soil light and so pre- 
venting the accumulation of wate, it is disadvantageous inasmuch 
as sandy soils are much less (sapable of withstanding drought than 
those (jontaining a gi'eater proportion of clay, bc'c^ause the clay 
parti(des act as reservoirs or sponges, whereas sand itself has no 
absorbing power (p. 171). 

In a drought, the gravels and coarse sands always s*iffer first ; 
this is not merely because they start with less water, but bec^ause 
in a sandy soil there is a very limited movement of the subsoil 
water to the roots of the plant. Should a drought continue^ the 
clay soils begin to suffer next, because the water is moved so slowly 
through the very fine pore-spaces that the supply cannot keep 
pace with the loss by transpiration and evaporation. The soils 
which are least affected by drought are the deep, loamy sands of 
very uniform texture, which are fine-grained enough to possess 
a considerable surface, and yet not so fine as to interfere with the 
free movement of water in the soil. * 

Apparent Density . — The weight per cubic fSot or apparent 
density of a soil is very closely related to its poro^ty and power 
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of water retention ; it is dependent on the proportion of sand* 
clay, etc., present aftd on the sizes of the particles. . 

The true density or specific gravity of various constituents of 
soils, together with their apparent density, which takes into account 
the voids* between the particles, are shown tn Table LV. 


Table LV. — True and Apparent Dknsppy ok Soil Constituents 


• 

Tnio neiisR.y. 

Appiircnt Density 
when Dry. 

Hiimua 

1-20 

u:i4 

Clay 

2i->e 

1 ■()() 

Rami 

2()() 

1 -4.^) 

CalciuTii parlionato 

2 75 

1 -DO 

Hydrated iron oxide . 

:L4 to 4-e 

300 


When mixed in various proportions the substances just mentioned 
yi(‘Id soils of varying apparent density, some of which are shown 
In Tables LVL, dm^ to Hall ' : 

'I'abf.e LVL —Apparent Density ok Roils 



Apparent Density. 

Weight per cu. ft. 

Heavy clay 

1 •062 

66-4 

Randy clay 

1 -279 

79-9 

Randy clav sidisoil 

MHO 

73 7 

Light loam 

1 -222 

76-4 

Light loam sul).soil 

1-144 

71-5 

Sandy loam 

1 -226 

76-7 

Randy peat 

0-782 

48-9 

Light sand 

1 -266 

79-2 

Washed sand .... 

1 ^.^O 

1 

90-6 


It will be seen that clay .soils usually described as “ heavy ” 
are really ,less dense and weigh less jier cubic foot than some of the 
lighter soils, and that ])ure sands are the dense.st of all. The farmer’s 
ternis of “ light ” and “ heavy ” land refer to the ease with which 
any ‘particular soil can bo ploughed or otherwise worked, and not 
to the weight of the soil moved ; .sands which he calls “ light ” 
being, as Table LVT. shows, heavier jxir cubic foot than the 
clays which the farmer calls “ hi^avy ” soils. 

The reason (;layey soils have a lowx^r apparent density is that 
they have a greater pore-space than sands, as shown in Table LVII. 
compiled by King : 

1 p. 69. 

[Table 
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Table LVII. — Porosity and Surface Area of Soils 

♦ §> 


Finost cliiy . 
Fine rluy soil 
Loamy olay soil 
riOam 

Sandy loam . 
Sandy soil 


P<irosity, prr cent. 


52 1) 
4S-0 
49-2 
44- 1 
;ls-.s 
32-5 


Area of Surface In 
sq, ft. per eu, ft. of Soil. 


17;i,700 

iio,r)0o 

7o,r)()o 

4(),r)00 

3(),900 

11,000 


Tri the liiKT-grained soils, the weight of the small pai’ticles of 
clay is not snftieient to ovorcorne the friction which prcYents the 
parti(?lcs from arranging thionselvcs so as to have; the minimum 
pore-space, and (ionseipieritly there is in such soils a larger jiro- 
portion of interstices. 

The Addition of Sand to Soils. — In cases whciR^ a soil is very 
heavy, but otherwise valuabh*, it is sometinu's jjroHtable to add 
a sufficient quantity of sand to the ufipiu’ layio’s to produce a more 
oj^en texture, and so n'lidor the soil mon^ fertile. Wlnqlicr this 
practi<;e Avill be |)rofftable dcqiends on the nearness of a siqiply 
of suitable sand and the cost of applying it to the land. Where 
such an addition of sand is to bt^ macle, a material having properties 
described on p. 1()3 should be employed. Silver sand has been 
used very satisfactorily in the south of England for the treatment 
of some clayey soils. A similar yet smaller effect is obtained by 
mixing a sandy soil with another heavier soil ; this treatimuit is 
ternual warpiwj or drij warping. The sandy soil a(^ts in the same 
manner as sand, but a much larger quantity is reijuired. It is 
a curious fact that, whilst the addition of sandy soil to a clayey 
soil is practised to some extent, it is by no means so usual as th(5 
addition of clay to a sandy land, though the latter is far less 
remunerative. 

The chief difficulties (*xperienced by adding sand or a sandy 
clay to another soil are that such an addition docs not increase 
the amount of plant-food in the soil, so that the relative amount 
of organic matter in the treated soil is less than that in the original 
material, and heavy fertilising is also n(R;essary unless the original 
soil is (^xci'ptionally rich in plant-food. ' 

The Use of Non-silieeous Sands in Agriculture.-— Various sands 
which are not necessarily of a siliceous character are used for dressing 
land, especially for increasing the plant-foods in the soil. Thus, 
calcium carbonate is sometimes added in the form of shore sands 
containing a large proportion of minute fragments of shells. This 
treatment has been found to be very satisfactory where the shell 
sand is readily available and labour is dneap. The “ manure 
gravels ” which occur beneath the Boulder Clay* in the southern 
parts of Wexford (I. 76) consist largely of shell sands and gravels, 
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and aro used for dressing agricultural land. In America, jjhosphate* 
sands are used to a'^largc extent as a means ^)f adding plant-food 
to soils. 

Preparation of Sands for Use in Agriculture. It is not laofitablc 
to pre]mre siliceous sands prior to adding tl9(‘m to a soil, on account 
of the high cost and the large amount of material required, but sands 
which form one ingredient of hu’tilisius may, how(‘vej’, lx* pnqiartul 
to some extent by giinding, washing, and drying them b(‘foi-e use. 
For instance, the phosphate sq,nds found in tlu? United States contain 
a largci proportion of clay whicih is removed by washing and re- 
covering the sand in settling cones (I. 395). The drijhuj is etfect(‘d 
by th(^ settling cone, some form of artilicial di’yer being used if 
necessary. The ijriruliruj of phosphatie sands is usually (dfeeted in 
a ball, tube, or I’oll mill prior to their conversion into su])er-])hosphate. 

Other (pushed rocks such as phosphatie lock, co])rolites, etc., 
are also used for drc'ssing soils, but they are scai’cely within the 
comfiass of this volume. 

Testing Sands for Use in Agriculture. Wbiue sands are to be 
added to the soils, the following tests may be ap})licd in ordi'r to 
ascertain whiether they are suitable for the ])urpose : 

1. Ohemical composition (I. 237). I’his ap[)lies spiecially to 
fertiliser sands, which should contain an ample proportion of ])iant- 
food. In siliceous dressings the chemical composition is not so 
important. 

2. A sizing or grading test (I. 24(3), in order to ascertain the U^xturi^ 
and the sizi^ and grading of the particles. 

3. An elutriation test (I. 252) to ascertain the proportion of 
clay f)resent. 

4. A microscopical examination (1. 241) to asi'crtain the shape 
and nature of thi; particlijs. 

5. A determination of the apparent density (I. 259). 

C. A perrmuibility test (I. 203) and, if desired, a porosity test 
(I. 201), though thi^ latter is of less value in agriculture than is 
commonly supposed (}). 109). 



CHAPTER IX 

THE USE OF SANDS FOR FILTRATION 

The purification of river, lake, and other waters for domestic use 
is effeetf^d in various ways, depending on the impuritit;s to b(i re- 
moved. The chief impurities may be classed as follows : (a) 

suspended dirt, organic matter, etc., (6) bacteria and otluT disease- 
producing organisms, etc., which are also in suspension, and (c) 
mineral salts and other substances in solution. 

8ubstanc(\s in solution are often removed by precipitation, 
which puts them into suspension ; they are tluui removed like 
other suspended matter, by sedimentation or filtration, usually 
through a sand filter, whi(;h is esjx^cially us(^ful for treating water 
on a large scale, such as that required for use in towns and large 
industrial c(mtres. In addition to the filtration of water, sand 
filters may be used for filtering oils, acids, etc. 

Sand filters arc^ of two types, known resp(^ctivoly as (a) slow- 
sand filters, and (b) rapid-sand filt(u\s, the latter being rather coarser 
than the foi’mer, so that the water passes through them more 
rapidly, [)rcssure or suction being sometimt^s used to increase the 
rate of flow still further. 

The relative value of each type of filter is shown below : 

i^low-sarul filters are preferable where the water is contaminated 
by sewage, but is fairly free from other suspended matter. If 
coarse suspended matter is present, sedimentation followed by 
slow-sand filtration is very satisfactory. Water whvLth has an 
objectionable odour is also bc^st treated by the slow-sand method. 
The principal disadvantages of the use of slow-sand filters are^ that 
the process occupies a very large area and is extremely slow, i. hilst 
at the same time frequent cleansing is necessary to ensure proper 
action. 

Rapid-sand filters arc useful where the sewage contamination, 
if present, is not great, and also where the water is coloured. When 
fine suspended matter is present, sedimentation followed by rapid - 
sand filtration is usually the best method. 

The value of a sand filter for water is du0 to two factors, (a) the 
straining action of the sand in holding back coarie matter, and (6) 
the formation on its upper surface of a layer of slimy material 
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composed of clay, vegetable matter, such as algae, fctc., which forms’ 
a support for the growth of organisms and so arrests a large }>ro- 
portion of an> bacteria which occur in the wate?. After some time, 
a bacterial jelly also coats the particles to a considerable d( 4 )th and 
stops any bacteria passing through the filter. Some of the bacteria 
also oxidise organic matter, etc., and effect other important changes. 

A sand filter, if sufficiently large and used for a sufficiently long 
time, will completely clear a turbkl solution of all suspended matter. 
The latter is chiefly retained in the top half -inch of the filter, the 
matter so collected arresting the passage of all otlu^r sus})ended 
matter. If the susjxmded matter is extremely fine, the action of 
the filter is greatly increased by tlu^ addition of a precipitant or 
coagulator, whi(;h forms a voluminous precipitate which surrounds 
the fine particles. 

When a sand filter has been in operation for some time, its output 
is reduced as a result of the accumulation of material on the surface 
and the growth of bacterial and other matter through the filter 
bed, so that it must be cleaned periodically and a new surface of 
sand exposed. The latter is soon coated over with the slimy layer, 
and the filter then resumes its normal activity. The cleaning is 
usually effected by removing .J-l in. of sand at suitable intervals. 
In some cases it is nejcessary to scrape off a thin layer every few 
days, whilst in others once every 4-0 weeks is sufficient. The 
filters used for the London water supply are scraped every 30-40 
days. When a foot of sand has been removed in this way, the 
filter must be re -sanded and th(5 sand in it brought to the original 
level. In most cases, the sand scraped from the filters may be 
washed and used ov(ir again. 

Sand filters consist of layers of material of various sizes, the 
finest being at the top and the coarsest at the bottom ; in many 
of them the lower part is occupied by grav(4, stone, shingle, etc., 
from i-2 in. diameter, in which are laid open-jointed i)ipes, 4-8 in. 
diamet(5r, to facilitate the removal of the filtered water. 

A typical foundation consists of : 

(j in. broken stone or shingle . . .1-2 in. diainotor. 

3 in. gravel ^'1 ” 

6 in.^gravel i-t i^>- 

111 rapid-sand filters the foundation is sometimes only about 
8 in.,)leep. 

The (iepth of the sand layer should not be less than 1 ft. and 
should preferably be 2-3 ft. deep. In England 2J-3 ft. is the average 
depth of the sand bed, both for slow- and rapid-sand filtration. 
The sand bed must be sufficiently thick, so that its efficiency will 
be maintained after about 1 ft. of material has been removed by 
the cleaning process. 

The effective working of a sand filter depends very largely on 
the depth or “ hjad ” of water f bove the sand bed. If the head 
is too little the filtration will be slow, whilst if too great, the water 
VOL. II N 
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will burst a passage through the sand and pass through without 
being filtered. The head should in ,no ease? ex^^eed tlie depth of the 
» sand bed, and shoilld preferably be about half the ‘depth, 18 in. 
being a good average, though in some cases a head of only 9 in. is 
employed. • 

Th(i av(‘]age rate of filtration by the slow-sand method should 
be 2-:{ million gallons ])er acre per day. According to Koch, tlie 
speed of the water passing through the filter should not be greater 
than 100 mm. or 4 in. ])er hour. This corresponds to nearly 2j 
million gallons jier acre per day. * 

Ihe sand us(‘d for filtration purpose's should have certain 
properties which may be classified under the following heads : (a) 
chemical composition, (0) sha]X' of grains, (c) size and grading of 
grains. 

Chemical Composition. — The sand used for filtration is usually 
of a highly siliceous nature, and should be reasonably pure. The 
sand in large filters ge'nerally consists of quartzose^ grains, but for 
small domestic filters kieselguhr is sometimes us(m1 and is an excelhuit 
filtering medium. 

etc., should not be present, and, if necessary, should 
be removed by washing, as such substances fill up th(^ intiu’stices 
between the larger grains and decrease the pcu’UK'ability of tlu; 
filt(u* and tlu^ rate of filtration. 

Pennink lias sugg(^st(‘d that the sand need not be quite (‘k^an, as 
a small [iroportion of very fine particles aids in retaining liacdei ia, etc;., 
but most authoi’ities static that the sand should be as clean as possible. 

L/me compounds, espc'cially chalk, are undesirable, as tlu^y liarden 
the water passing through the filter. A very small pro])orti()n is 
not serious, as it will soon be removed by solution in thi* p(u*c()lating 
water. 

Iron compounds in the form of limonite (I. 189), which (exists 
as a surface coating on the sand grains, is sometimes advantageous, 
especially if the limonite is in the staU; of a colloidal gel, as it then 
increase's the absorptive power of the sand for organic substances, 
and sometimes it also increases the rate of oxidation. Colloidal 
ferric hydroxide, wlien ])resent, is eleetro-])ositive and combines 
in some way with the ek'ctro-negative bacterial jelly formed on 
the surface's of the sane! grains in eild filters. A largo ^imount of 
iron e'eunjjounds is, however, unelesirable, as it then tends tey clog 
the filters and may also impart a yellowish oi‘ brown colour IS* the 
water passing through them. 

The Shape of the Grains. — Many people who use sand for 
filtration purposes appear to consider that the shape of the particles 
of sand is of no importance. Sharp angular sand or crushed quartz 
is generally prefc'ired, but it is often stated that there is little 
difference, as the grains soon Ijecome coated with jelly. Tt is also 
claimed that rough-surfaced grains are preftrable, as thi5 bacterial 
growths adhere more readily to them than to smot)th -faced grains. 

Rounded grains, however, have several advantages, as a sand 
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composed wholly of rounded grains has a greatej* pioportion of 
voids and, therefore, Vi greater Vate of liltratioy than a sand con- 
sisting wholly of sharp angular grains. In addition to this, lounded 
grains can never interlock and thus |■(‘duce the peiaueabilitv of any 
part of the filter IxmI, whereas angular gftiins inti'ilock readily. 
Notwithstanding these appai’ent advantag(‘s, it is found in j)raetice 
that apart from (‘xeessiv(‘ly angular, laminated, and flaky grains, 
the shape is of minor importance, though roumh^d grains, when 
obtainable, an* to be ])refei’i‘e(l. 

The Size of the Grains. — The grading of a sand for use in 
filtration is of great importance, as tht‘ rate of filtration, the 
effectiveness of the ]iurification, and the uniformity of flow through 
the filter (le])en(l u])on it. 

In considering thi^ siz(‘s of tla^ sand grains it is n(‘cessar\’ to 
take into account (a) the nature of the liquid to Ih‘ lilttaial, and 
(6) the amount of purification re(iuired. A coarsi^ sand will give 
rapid filtration but poor purification, whilst a very fine sand will 
give a good purification but will filter vtay slowly. A com|)romis(^ 
between tlu'se two extreme's must usually b(' (h'cidt'd upon, tlu' 
filtering medium being as fine as possible (‘onsistemt with proper 
drainage and the ac'ration of the inte'rstices. 

Partiel(\s small enough to be re'garded as silt (1. l)or“dnst” 
are undesirable, as they fill th(‘ |)or(‘s and pre^veait a, (‘ration, which 
is necessary, in the cas(^ of a ])ublic water su])ply, for the proj)er 
oxidation of any organic matter in the water, (kmsf'quently all 
particles less than OOOIl in. diameter should b(^ r(‘mov(;d from the 
sand by washing. 

In filtration any consideration of the size of the sand should 
be based upon two factors, viz. (u) tlu^ effeidivaj siz(% and (/>) the 
unihn’mity coeffici(‘iit. 

The effective size has been d(din(‘d by various engiiu'crs in 
different ways. One of the most conv(*nitmt is to (hdine the 
maximum and minimum siz(‘s of grains whi(*h (‘iiabki th(^ filter 
to work at a given rate. Tin* (‘fh'c^t iva^ size is definc'd as tlu^ smallest 
size of grain contained in 110 p(‘r cent of the material, or as the 
size of grain than which 110 ])(t (*cnt of th(‘ material is (soarser. 

The uni^rmity coefficient is found by dividing the largest size 
of the small(;st grains which C(aistitute exactly 00 per cent of the 
materuU by the smallest siz(^ of grain in the coarsest mabirial, 
which^’cpresents exactly 110 per (t(*nt of the material. 

Another definition of the uniform it}^ coefficient is as a figure w'hich, 
“ when multiplied liy the effective size, will give a size of grain of 
which 60 per cent of the material is finer.” Thus, suppose a sand 
has 90 per cent of grains coarser than 0 01 6 in. diameter and 00 per 
cent finer than 0 (124 in. diameter, (he effective size is O-OIO in. 
and the uniformity coefficient is 1-5 (1*5 times 0 016 in. = 0*024 in.). 

The uniformity coefficient is not very satisfactory, yet it is 
difficult to replace it by any othei^ figure based oft mort^ scientific 
considerations. ^It should usually be about 1*5-1 -7. 
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The objections to such definitions are that they are on an 
empirical or arbitr^^ry basis, and that they cfVcrloolj the fact that 
the 10 per cent of fine material is equally as important in the 
process of filtration as the 90 per cent of the coarser matter. The 
size of the smallest paHicles of sand should clearly be a trifle less 
than that of the smallest particles to be removed by filtration, 
as if the sand is larger some of the particles of suspended matter 
may pass through the filter. In practice, however, this leads to 
the use of unnecessarily small parti<iles, because it disn^gards the 
effect of the bacterial jidly which forms on the surface and, to 
some extent, in the interior of the filter. As a matter of experience 
it is usually found that the most efficient filtration is effected if 
90 ptT cent of the grains of sand are larger than O-OlO in. diameter, 
with fcAv of the grains larger than 0-015 in. and none exceeding 
0-01 in. diameter. This corresponds to an “ effective size ” of 
0 0 10 in. 

The figures in Table LVTII. are given by stweral filtration 
plants : 


Tablk LVJJf. — tSiZK Ob' (trains for Filtration 



EllVctive Siz(?. 
fn. 

(rniioniiily 
( ViOlIirifJit. 

Mechanical filter, Mirmcajiolia, Min., U.S.A.* . 

()-(H4-()-()l8 

ion 

Filtration and .softoninK plant, Ooluinhiis, 



Ohio, U.S.A.f . 

O-OUi 

1-5 

Metropolitan, London + 

O-dlo 


Aiitvverpt 

0011) 



* Jtccord, Nov. IH, lOlJ. 

t Engitieering Iteconl, Kvh. '24, ll)0(). 

i Modern MeUtofis of ]V(tter Purification, Don and Cliisholiu. 


The effective size of the sands used at Beilin, Hamburg, and 
Altona, in Germany, is slightly less than for the Metropolitan 
Board, Ixindon.^ 

In an ideal sand for filtration, all the grains would be of the 
same size and approximately O-OOS in. diameter, j^o that the 
uniformity of a sand would best be represented by the ])roportion 
of grains (exactly this size. As no natural sand is wholly uhiform 
it is necessary to allow a reasonable variation from anyVgiven 
diameter, and when this is done, the uniformity of a sand may bo 
represiuited by the percentage of grains between 0-05 and 0-010 in. 
diameter. Thus, if a sand contained 87 per cent of grains between 
0-015 and 0-025 in. diameter, its uniformity would be expressed 
as “ 87 per cent.” This method of expressing the uniformity with 
reference to a given size of particle is more of service for filtration 
purposes than a more general expression!; where the latter is 
preferred the usiformity may he expressed in^^a similar manner 

^ Modem Methods of Water Purificatioriy Don and phiaholm. 
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by ascertaining the average diameter of the grains and then 
ascertaining tjie pro^fortion of grains witliin dc^nite limits greater 
or less than the mean. 

The uniformity or otherwise of a sand can be most easily 
appreciated by plotting each size and perce^itage on a graph, such 
as that recommended by Boswell (I. 215). A wholly uniform 
sand will be represented on such a grajih by a vertical straight line, 
and even when a sand is not wholly uniform it is easy to see the 
extent of its uniformity. * 

The rate of percolation d(^ pends on the size of the particles 
and is inversely ])roporti()nal to the area of the grains per unit- 
volume. Thus, Don and (.^hisholni found that und(>r a head of 
one hundredth of tlu^ thic^kness of the filter binl, water passed through 
a clean lied three times as fast with a sand whose (‘fteetivi^ size was 
0-014 in. as with one whose effective size was O-OOS in. Thi^ rate 
of percolation through the Jjondon sand (p. 180) is just under 
4 in. per hour. 

When a bacterial jelly has formed on the sand grains, tlui 
effectiveness of {)urification depends on the surface of such jelly ; 
if the latter is uniformly distributed the efficiency of the jjiirifi cation 
will depend on the surfaeii area of tlu^ grains of sand. As the jelly 
is largely colloidal in (character and only affeids the ))urification 
of th(^ wat(‘r which (iomes into intimate conta(;t with it, the best 
separation will obviously b(‘ obtained by splitting the licpiid into 
the thinnest possible layers, so that the bacterial j(‘lly on tln^ grains 
of sand (^an conu^ into the closest possible contact with the deleterious 
matter, and all organic matter can be oxidised. According to 
Baldwin and Wiseman, a sand having an average diameter of 
0-014 in. will divide the water into layers about 0-002 in. thick, 
whilst sands 0-25 in. diameter will only divide it into lay(Ts about 
0-01 in. thick, so that the s(?paration will be far less t‘ffectivi^. The 
surface ar(*a can be calculated from the results of a grading or 
sizing test as described in Vol. 1. p. 211. 

According to Don and (-liisholm, sand consisting of grains 
0-04 in. diameter has an area of about 500 sq. ft. per cu. ft., and 
one consisting of grains 0-005 in. diaim'ter ( = l()0-mesh) has a 
surface art¥i of about 5000 s(|. ft. per cu. ft. A fine (^lay with 
grains less than 0-004 in. dianudei- has a surfa(?e area of at least 
400,^0 sq. ft. per cu. ft. 

ifom the foregoing it will be realised that the best sand for 
filtration purposes is one composc^d almost wholly of rounded 
particles 90 per cent of which are between 0 004 in. and 0-01 in. 
diameter. It is not always possible to use so uniform a sand, but 
an endeavour should be made, by suitable methods of preparation, 
to remove those grains which are outside the limits just mentioned, 
as otherwise a sand with a lower power of filtration will be employed. 

Sources of Sand f<^ Filters. — Various shore, dune, river, and 
pit sands are useef for filtration ])u!-pos(\s ; dune seftids are generally 
preferable to ijver sands, as the latter usually vary considerably 
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in toxturo, whilst the former are generally fine and uniform. The 
coarser sands of D'ighton Buzzard (I. ilO)'^are largely used for 
filtering water, and tlu^ A])pin quartzites near Kentalleii, Argyll- 
shire, are used for filtering acids. Sources of ki(‘selguhr for house 
filters are described in Vol. I. p. 96. A white sand is usually pre- 
ferred to a coloured one, and a local sand, when obtainable, is 
generally uscid on account of its lower cost. 

Preparation of Sands for Filters. — In most cases practically no 
preparation is considered necessary tlie sand may, if necessary, 
be waslml to remov^e dirt, silt, etc., by one of the methods 
described in Vol. 1. p. 884, and screened (\. 441-468) to remove 
excicssively (coarse or fine particles, so as to produce as uniform 
a sand as possibles. The eflicieiK^y of pro]ierly prepared sand 
is much gr(uit(T than that of any crude sand, y(*t many water- 
works engineers fail to perceive this and employ an unprepared 
sand becaust^ of its low hrst cost. 

Wh(‘re a rock such as quartzite is the source of the sand, this 
must be crushed and ground (1. 846) to the rcciuired size, and, 
if iKMtessarv, screened as abov(\ 

Sands which liavi^ been in use for some time as filters need to 
be washed befon^ they can be re-us('d. 

Testing Sands for Filters. — ^'riie ]wincipal tests of sand for 
inters are : 

1 . A clean tu‘ss test (I. 244). 

2. A size or grading t('st (I. 246) to asc(‘rtain wlndher the sand 
grains are within the suggested limit-s. 

8. A microscopical examination (1. 241) to determine the shape 
and nature of th(‘ grains. 

4. A chemicud analysis (I. 287) to show the composition of 
the sand. 



CHAPTER X 

THE USES OF SAND IN THE CHEMICAL INDUSTRY 

Tue prijicipal substances in the manufacture of which sand is 
required are : 

1. Silicon and silicon compounds. 

2. E(‘rro-silicon and other f(‘rro alloys. 

3. Sodium silicate. 

4. Ultramarine. 

5. Zeolit(^s, including p('rmutit(\ 

(). Carborundum and other (jarbidc^s. 

7. (dass (see Chapter Xll.). 

8. Kusc'd quartz (s(M! Chapter XIU). 

Silicon and silicon compounds may bo produ(;(‘d from silica. 
A very crude form of the metal silicon was |)r(q){i?(‘(i by H(*rz(‘lius 
in 1808 by fusing a mi.xture of iron, carbon, and silica, but, according 
to Vigourcaux', the best nu'thod eomsists in heating a mixture of 
20 parts of powdcu'cd silica and lb parts of magnesium, together 
with 0 [)jirts of calcined magnesia to slow down the reaction. The 
temperatinc to which the material is heated should be 3(KT-400'’ C. 
at first and then up to red hi;at. By this treatment the silica is 
reduced and the magnesium forms magnesium oxide, which may 
be removed with hydrochloric acid ; tlu^ crmle. silica is furtlusr 
pyriluid, if necessary, by re])eated heating with hydrofluoric and 
suli)huric jfeids. 

Where a crude silicon W'ill suffices, as wluui it is to be us(;d for 
prep^’ing silicon compounds, it may be mad(^ by ht‘atirig wdiite 
sand** with one-quarter of its w^ught of magiu'siinn pow^der. The 
reaction is very vigorous, and is accomf)anied by a flash of light. 

A method of preparing silicon on a larger scale consists in heating 
silica and carbon in an electric furnacre, citluu’ with or without a 
flux. The carbon removes the oxygen from the silicui, the carbon 
dioxide being evolved as a gas, leaving tlu^ silicon behind. 

Graphiioidal silicoii may be produced by heating magnesium 
and fine sand, fj^sing^the product with aluminium and (cryolite, 
and then treating it with water and atids. Thiif hiaves glistening 
black particlesiof graphitoidal silicon. 
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Silicon nitride may be made by heating a mixture of sand and 
c&rbon to a tempeif^ture of 1400°-1500° G. in rfcurrei^ of nitrogen. 
The sand is reduced to silicon by the carbon, and at high tempera- 
tures, combined with nitrogen, forming silicon nitride, which 
corresponds to the formblae SiN, SiN 2 , and Si 3 N 4 respectively. 

Silicon Alloys. — In order to impart a greater hardness and a 
greater resistance to acids, and also to act as a deoxidant in the 
manufacture of steel and some other metals, various silicjon alloys 
are employed. One of the best-knowniof these, ferro-silicon, is made 
by heating sand with carbon and iron or iron turnings in a blast 
furnace or electric furnace. By this treatment the sand is reduced 
to silicon, which combines with the iron, giving a product containing 
from 8-95 per cent of silicon, according to the ])urposc for whi(di 
it is to be used. The higher grade alloys containing the larger 
proportions of silicon are always made in electric furnaces. Other 
silicon alloys which are made in a similar manner include ferro- 
silicon-ahmilnium, which contains 12-15 per (?ent aluminium, 
ferro-silico-manganese which contains 50-70 per* cent of manganese, 
ferro-silico-manganese-ahminium, which contains 9-22 jDer cent of 
manganese and 4-5-12 per cent aluminium, and ferro-silico- 
rnariganese-calchm-aluminiumy which contains 50-55 per cent of 
manganese^, 18-22 per cent of calciurii, and 4-5 per cent of aluminium. 

Sodium Silicate. — A somewhat indefinite compound of soda 
and silica commonly known as water-glass may be made by boiling 
under pressure a mixture of sodium carbonat(‘, sodium hydroxide, 
and silica. The ])rocess is carried out in an iron boiler, under a 
steam-pressure of about 00 lb. per sq. in., and is continued for about 
12 hours until a syrupy liquid containing about 50 per cent of 
sodium silicate is produced. 

Sodium silicate may also be made by fusing a mixture of silica 
and a sodium salt, such as the carbonate, hydrate, or sulphate, 
together with a little charcoal, in a reverberatory furnace. The 
treatment is continued for about 8 hours, and wluui the reaction 
is complete, the product is cast into moulds. When cold, the blocks 
are crushed and dissolved in water or sold as rock silicate. 

A mixed silicate of soda and potash is produced by the simul- 
taneous use of both alkalies in the process of manufactuie. 

Ultramarine.— Various green and blue pigments of indefinite 
composition, known as ultramarines, are made by heating a micturo 
of china clay, sodium carbonate or sodium sulphate, carbon, silica, 
and sulphur in approximately the following proportions : china 
clay 100 parts, sodium carbonate 103 parts, carbon 4 parts, fine 
sand 16 parts, sulphur 117 parts. 

Smalt is made by fusing a mixture of fine sand, potash, and oxide 
of cobalt in proportions to produce the various shades required. 

ZeoUtes are complex alumino-silicates of low stability. They 
are sometimes made by fusing crushed qua/tz or Sand with a flux. 
T. D. Riedel in 1906 patented ttie use of a mixture of 3 parts of 
kaolin, 6 parts of quartz or sand, and 12 parts of sodium carbonate, 
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which are mixed and fused until the zeolite is formed. PermutitR, 
which is a zef^ite ustM for watdV* softening, may be made by fusin*g 
sodium carbonate, china clay, or alumina and fine sand. The product 
corresponds in composition to the formula Na. 2 Al 2 HiO. 2 Oj, . OIL/). 
Mamjanese permutite is made of sand, alumma, and a higluM' oxidi^ 
of manganese, whilst in cold am permutite the sodium is replaced by 
calcium. When used for water sof timing, the sodium or other 
metal of the permutite replaces the metal \vhieh causes tlu^ hardness 
in the water, tlius softening tlit^ latter. Different kinds of iKM inutitc 
arc used for removing different hardening mati'rials from water. 

Carborundum and other carbides and earboxidt^s ai(‘ made 
from mixtures of silica, coke, saivdust, and salt in various pro- 
portions, and treated in slightly different ways in an electric furnace'. 
Their nature and manufacture have aheady bi'en descrilx^d (T. S(>). 

Sources of Sand— WhetJ sand is used as a (diemicnl ri'agtmt it 
is solely as a convenient means of obtaining silica in a relatively 
pure and finely divided form, though the physical properties are 
often important on acixnint of thiur influence on the rate at which 
the desired reactions proceed. 

The principal silic(M)us materials available for preparing chemical 
compounds are as follows : 

Powdered quartz or fine sathi is largely used where the ingi culic'nts 
of the mixture', are^ to be fused, as, ])rovided the matei'ial is ground 
sufficiently fine, the fa(*t that it is (aystalliiK^ is not of great import- 
ance. The reaction does not, of course, take place so rapidly as 
would be th(i (\asc if an amorphous form of silica wore to be *iis(mI, 
but by raising the temperature to which the mixtures are heated 
and prolonging the heating, the reaction takes place .suflicm'.ntly 
rapidly to make the uh(^ of this material succ(‘ssful on a commertaal 
scale, whilst the sand is much eh('a|)('r tluni amorphous silicjv. 
Hand or j)owclered quartz is used in the manufacture of silicon, 
ferro-silicon, and other silicon compounds, zeolites, carborundum 
and other carbides, and sometimes in the manufacture of sodium 
silicate and ultramarine. An impure form of silica, viz., a siliceous 
iron ore, is sometiuuis tised in tlu; manufacture of feri’o-silicon. 
When^ the reaction does not take place suffici(uitly rapidly with 
crystalline'* silica, an amorphous form of silica 7nay b(^ usixl with 
advajitage. 

pushed .silica rocks may Ix) employ(;d for the same purpost;s, 
but che fact that sand does not need crushing is in its favour. 

Flint which has been calciiuxl at red heat, (quenched in water, 
and ground to a very fine powder, is often used as a soui'cc^ of silica 
for making sodium silicate, as flint is a natural form of amorphous 
silica, and therefore is more r(;adily attacked and dissolved than 
the crystalline forms. Flint may also be used for making other 
chemical compounds, though the cost of grinding it is usually 
greater than the^cost 8f producing^ the additional heat need(*.d when 
fine sand is used. ’ 

Kieselguhr one of the most satisfactory materials for taking 



186 SANDS FOR CHEMICA^ PURPOSES 

« 

part in a chemical reaction, on account of its skeleton texture 
(I. 96), whi(!h rendurs it more easil5^ attacked^than a^y other form 
of silica. It is sometimes used, instead of powdered quartz or flint, 
for making sodium silicate, and it is generally used as a source of 
sili(;a in ultramarine manufactuni. Its use has not l)(>(;n developed 
to any great extent in other chemical industries, exce})t as an 
absorbent for chemicals, especially acids, to facilitate their transport. 
Thus, if an acid is absorbed in kieselguhr, there? is no fear of it 
being spoilt in trans 2 )ort. § 

For this purpose, the kieselgidir should be clean, pure, and as 
highly absorbent as possible. The other ])i‘opertics desired are 
practically the same as when kieselguhr is used as an absorbent 
for nitroglycerine in the explosive industry (see Cha])ter XIV.). 

GUinconile sands have beiui suggested as sourc(?s of potash and 
oth(?r chemical compounds. Thus, 11. W. (fliarlton^ has pro])()S(?d 
to recover ])otash from greensand by digesting the latter in a finely 
dividc'd state with lime and water under a pressure of 225 lb. per 
s(|. in. maintained for 2-4 hours. Tlu? licpiid is then filtered, the 
potash being afterwards recovered from tlu; solution in a very pure? 
state. According to Charlton, one ton of greensand A\ill yield 
100 lb. of potash. 

E. Mar t has Ireen gi’anted sev(‘ral American j)at('nts for the treat- 
ment of greensand with strong acids to removt? the metallic oxides 
and to convert the potash into chlorides or sulphates, which then 
enter into solution. The insoluble matt(?r is removed by filtration 
and tlu? ])otash reeov(?i*ed from the solution by (evaporation and 
crystallisation. 

M. Haubei'^ has pabmted the pi’oe(?ss of mixing gi‘(?ensand with 
ferrous suljrhate and then heating it to a dull-ied h(?at to d(‘(;onqjos(? 
the sulphate and form combim^d sulphates of j)otassium and 
aluminium, which are dissolved, se])arated from insoluble matter, 
and the soluble salts recovered by (evaporation and crystallisation. 

Many nuethods for the recov(;iy of f)otash from glauconiU? and 
other sands have Ixeen tried ; they (;an only be profitabk? when 
such important sources of potash as the 8tassfurt beds are either 
exhausted or rendered unavailable by war or similar extraoi’dinary 
causes. . * 

Desirable Properties. — The physical nature of tin; silica, used 
in the preparation of chemical compounds is of minor impor^ince, 
jjrovided the particles ar'c sullicmntly small so that they can r(?act 
rapidly with the other substances and produce the r'cquired com- 
pound as quickly as possible. It will, therefore, be obvious that 
the siliceous materials which can be em])loyed are limited to fine- 
grained sands and to those which can be ground at a remunerative 
rate. 

The shape of tlu? grains is of no importance what(?ver, but it 
is most important that th(>y shoidd be exft‘e?rie[y small. As has 

* J. Ind. Enq. Chem., 11)18, 10. G. 

“ U.S. Pat. 1,323,704 (1919). 
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been shown previously (p. 142), fine particles of silica are unicb 
more readily^ attacked by othi*r substances either in the liipiid or 
solid form under the influence of h(‘at than arc larger jiartic-les. 
The maximum speed of reaction will therefore b(' obtained by the 
use of finely divided materials. * 

Amorphous materials are preferable to crystal lin(‘, as the 
individual particles are much smaller and much morii easily attack(‘d 
by other chemical substances. Hiuice great fineness is one of tlu^ 
essential jiropiirties of silici^ms material used in the production 
of chemical compounds. b]xtreme fineness can only be obtained 
by prolonged grinding or by preci[)itating the silica from solution ; 
e.iy. by adding acid to a solution of sodium silicate and colU'ctiTig 
the precipitated silica. For most purpo.ses siu'li extrenudy small 
particl(‘s ari? not necessary, and it will usually suffices if a sand is 
used in which no particles are larger than 0-02 in. in diameti^r. 

The chemical composition of tlu^ sand may or may not bi^ 
impoitant. Where a chcmiiwd comjxuind of great purity is to 
bo produced it may be desii‘able to use as puri^ a form ol sand 
as possible, or the prodmd- may reipiire an (‘xcessivi? amount of 
purification bcifore it can bc! us(‘(l. Where a less pun* [iroduct is 
required, a little imjuirity in tlu^ sand is not siuious, though jiure 
raw materials shoiihl b(5 c!m|)loyed as far as jiossibk;. Fortunatidy 
there an^ in this country abundant su])pli(‘S of sand containing 
08 per cent or nion; of silica, and these are (piite pure (uiough for 
most chemical pur[)os(‘S. When a chemical manufacturer com- 
plains that such a sand is not ])ure (uiough foi* his work, it will 
usually be found that he? is really nderring to tlu^ unsuitabh? physical 
nature; (smdi as the size of the particl(;s) ]*ath(;r than to tlu; (dimnical 
composition of the material. Jn some; cases, however, the sands 
used must be almost completely free from inm compounds, anei tlie 
sanel use;d in making (airbeu'undurn and ferrei-silicem sheiulel also be; 
as free as possible; from alumina. 

Preparation of Sands for use in the Production of Chemicals. — 
As a gemeral rule the; sand shoulel re;epure no preqiaratiein a[)art 
from wasliing, scTccning, and line; grineling. The washing may 
be necessary to remeive clay, if any is pi‘e*se;nt, but should be; avoieleel 
where posttble;, as it also remove's the finest anel nmst active particles 
of silica. 

C^artz and flint are e)fte;n he*ate;el te) a high temperature ami 
que;i‘A;hed in ceild water to disintegi'ate; them and facilitate the 
grinding. The grinding may be; euirried out in any suitable; form 
of fine grinding- mill, the pemdulum (I. 371), ball (1. 3()o), or tube 
mills (I. 309) being very suitable. Kie'se;lguhr is preparcel as 
described in Vol. I. p. 100. It is usueilly delivered to the user in 
the prepared state and ne;eds ne> further treatment. 

The purification of sand, flint, or kieselguhr by chemical 
methods, for use in e;!iemie;al manufae;ture;, fs se'lelom aelvisable, 
it being preferable to purchase if mateu’ial eif tlix; requisite purity 
for the purposp fe>r which it is to be employed. 
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Testing. — The only tests usually necessary for siliceous material 
tb be used in the manufacture of chbrnical confpoundi^ are : 

1. A chemical analysis to show the purity or otherwise of the 
material (I. 237). 

2. A sizing or grading test (I. 246) to show the fineness of the 
sand. 




CHAPTER X[ 

THE USES OF SAND IN POTTERY MANUFACTURE 

The term pottery ’’ may hi^ understood to include all articles 
mad(i of clay, with tlu^ ox(5eption of bricks (]>. 1). In this broad 
sense, sand is used in pottery manufaeturcj for the following 
purposes : 

1. To reduce the ])lasticity and shrinkage of tlu^ clays uhimI, 
particularly in the manufacture of tik^s and coarse hollow-ware. 

2. As a faciing matc'rial, to improve the appearance of the ware. 

3. As a constituent of the glazes applied to the surface of the 
ware, 

4. As a coating for the floors of saggers and kilns, and to S( 4 >arate 
articles which might otherwise; adlu;re to and so s[)oil each other. 

The sand used for redacimj plasticity and contraction of a clay 
should have the same properties as those mentionixl in Chapter 1. 
on the Use of tiand in Jhick-makhuj, but as even a small proportion 
of iron in the sand may have a harmful effect on the ware, it is 
usually necessary to employ a much purer sand than is m^eded in 
brick manufacture. The sand used for rooting-tiles and some 
red-ware, on the contrary, must contain sufficient iron compounds 
to have the requisite red tint when burned. Instead of white 
sand, very finely ground flint is commonly preh^rnMl by manu- 
facturers of high-class j)ottei*y, as the silica in flint is amorphous 
and reacts jnore readily with any fluxes than do the small crystalline 
particles in sand. In addition to ordinary siliceous sands, geyserik; 
(I. PiJ)) has been used in tin; pnq)aration of hard china and elcctricuil 
insulators . 

The sand used for reducing the plasticity and shrinkage; of 
pottery must consist exclusively of very small particles. It should 
leave no residue on an 80-mesh sieve, but should not contain a 
large percentage of material which will pass through a 200-m(;sh 
sieve or the ware will lx; liable to (Tack. 

The sand to be applied to roofimj-tiles to give them a sand-face 
or antique appeara nee i should be similar to that used for the same 
purpose on bricks (p. 6). It must, when burned, have a suitable 
and pleasing colour ; the grains should be of medium size and 
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should bo sufficiently angular to adhere well to the clay to which 
they are applied. , • r 

For ghze,^ tlu^ sand should have th(i same propefties as those 
given in Chapter Xll. on the Use of Sami for (Wuss-making , as the 
glazes applied to potttify, porcelain, etc., are of a similar nature 
to glass. 

For use as a “ dusting ” or parting agent to be placed upon the 
floors of kilns, saggers, etc., the sand should be sufliciently refractory 
not to fuse and adhere to the ware ^placed upon it ; the grains 
should be roiiiKhid and not too small. The high refractoriness 
requires the use of a high sili(;a sand, such as those used for sili(?a 
bricks (p. 143) and glass (p. 194). The size and sha])e of the grains 
shoidd be the same as in thosc^ of “ parting sands ” used in the 
foundry (p. 105), though for ])otters' use a rather coarser sand is 
often satisfactory. A sand which Avill leave no residues on a No. 2005 
sieve but is retained completely on a No. 2000 sieve is usually 
satisfactory. 

Sources of Sand,— The purposc^s for which sand is used in pottery 
are so varied that no one sand Avill do (Mpially for all. Wluu’(^ the 
red colour of the ware is important a red-burning sand must of 
course ho, us(m1. TIk^sc are chiefly obtain(‘d from the same sounjcs 
as the sands used for sand -faced bricks (p. 7), though a local 
sand should always bt5 usckI where this is possible. For mixing 
with (4ay, etc., to produce Avhite Avare, a A^ery pur’c sand or ground 
flint must be used, as eA'(‘n as littk' as 0-5 per cent of ii’oii oxide 
Avill “ stain ” tlu^ Avarc;. Such puie sands may b(^ obtained from 
the same sources as those used for silica br*i(!ks. Much of the sand 
used for this purpose has been obtained by crushing silica rock^ 
from the Millstone Crit formation at Moav (Joj) jind Biddulph, but 
many other rocks, such as tlu^ LoAver Gi’oensands of Leighton 
Buzzard, King's Lynn, etc., and most of the purer sands are equally 
suitable. 

Tt is s(4dom Avise to use ijnpure sands for Avhite ware or high- 
class potter}^, and although se\Tral patents hav(> l)een granted 
for the use of Avaste sand derived from Avashing china clay as a 
substitutes for flint in the manufacture of ]Aottery, stoneware, 
porcelain, etc., such patents haves little practical valye. Sands 
from the same sources may be used in glazes anel for separating 
the ware from the saggers, etc., in Avhich it is burneel. J 

Preparation of Sands. — ^The sands used in jjottery manufaJturo 
are generally useel in their natural state, the selection being confined 
to naturally suitable sands rather than to those which have been 
prepared in any way. When necessary, the sand may be washed 
(I. 384), dried (I. 401), and screened (I, 441). 

Testing.— The sands used by potters are seldom tested prior 
to purchase. Actual use so rapidly reveals any defects, and the 
causes of these are u,sually so well known, thlt testing is commonly 
regarded as unnecessary. Whefi unexplained flefects arise, or 
when an improvement in the quality of the sand is desired, the most 
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important tests are: (a) a chemical analysis (1/237) which will 
reveal tin; jjresence of^any objectionable material ; (/>) a microse(>])ie 
examination (i. 241) which will revtail the naiur(> and shape of 
the grains ; and (c) a finemvss or grading test (I. 24G) Avhicli will 
show the pro]>ortions of tlui particles of variinis sizes. 
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THE USES OF SAND IN GLASS-MAKING 

Glassks are clear, trfinsparcnt solids, ^ which are produced by the 
fusion of one or more materials. Their precise constitution is by 
no means clearly understood, and they may bo either solid solutions 
of their various constituents or a homogeneous mixture of complex 
compounds. Each of these theories explains some of the properties 
of glasses, but neither is wholly satisfactory. 

The simplest form of glass (consists wholly of a simpler substance 
which may be an oxide such as silica or boric oxide, or a salt 
such as sodium silicate ; others are more complex and are forined 
by fusing several materials together. 

So far as the use of sand is concerned, glasses may be divided 
into two kinds ; namely, silica glass and alkali glasses. 

Silica Glass consists wholly of sili(?a in the form of sand or crushed 
rock which has been heated to so high a temperature by means 
of an electric furnace or oxy-hydrogen dame that it has fused to 
a mobile li(piid which takes the form of the mould in which it is 
melted or which may be “ blown ” or pressed to any desired shape. 
It is a special kind of glass used for ndraclory purposes and under 
conditions wluire a glass is required to withstand sudden changes 
in temperature. It is employed in the form of rods, tubes, plates, 
crucibles, muffles, saggers, retorts, evaporating dishes, combustion 
boats, ignition trays, lamp-glasses, and for oth(ir purposes where 
high, and especially variable, temperatures are encountered. It 
is also valuable as an electrical insulator at high tc^iiperaturcs, 
and is used for pyromet(U’ tubes, thermostats, etc., and as a sub- 
stitute for platinum and other refractory metals. Some 'quartz 
glass is quite clear and transparent, but most of it is only trans^iccnt, 
owing to the presence of large numbers of minute vesicles, many 
of which are filled with air. Zirconia-qumtz or Siloxide is a fused 
mixture of silica and about 1 per cent of zirconia, which increases 
its strength ; it is used for the same purposes as ordinary fused 
silica. 

^ Opaque glasses are better termed enamels, they consist of glass with 
an opacifying medium in suspension in the glass. ' ^ 

2 Further inforhiation on silica glass or fused quart/will be found in the 
author’s Refractory Materials : their Manufacture and Uses (Griffin). 
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Alkali Glasses consist of a mixture of sand or crushed silic^ 
rock, with c^her niaterials, Such as potash, limestone, soda, 
magnesia, baryta, zinc oxide, lead oxide, boric oxide, etc., which 
is fused at a temperature of about 1400° C., and forms, when cold, 
a clear, transparent “ glassy ” mass, which may be either a solution 
of the materials used or may consist of one or more complex 
chemical compounds. Such glasses usually consist of soda, 
lime, and silica in proportions cornvsponding to a composition 
which is usually intermediate between Na-^O . CaO . OSitJg and 
5Na20 . 7CaO . 36Si02. iMore comi)lex glasses containing oth(T sub- 
stances may correspond to such formulae as OK 2 O . 2PbO . 2Zn() . 
2BaO . SeSiOa, or 3Na20 . . 3Pb() . 3CaO . ‘Mm\. 

Sand may be used to t}u‘ extent of about bO ])er cent of the 
mixture of mat(‘rials forming the batch, which, when melted, 
forms the glass. The following are typical recipes for dilfereiit 
kinds of glass : 

Crown Glass. — Sand 100 parts, chalk 24 pai ts, sodium sulphate 
50 parts, charcoal 4 parts, cullet (broken glass) 200 parts. 

Window Glass (Sheet Glass). — Sand KH) parts, chalk 28 parts, 
sodium sulphate 42 parts, cullet lOO parts, arsenic acid 1 part, 
charcoal 3 parts, manganese dioxide J i)art. 

Plate Glass.- kSaml KM) parts, chalk 30 parts, sodium carbonate 

32 parts, potassium carbonate 0 parts, cullet 100 parts, manganese 
dioxide | ])art, nitre 2 parts. 

Flint Glass or Crystal. -Sand 100 parts, potassium carbonate 

33 parts, red lead 07 parts, manganese dioxide I part, potassium 
nitrate 7 parts, cullet 100 parts. 

Baryta Glass. — Sand 100 jicarts, sodium carbonate 30 parts, 
barium carbonate 90 ])arts, red kvid 05 parts. 

Bottle Glass (Green).-- 8and 100 parts, sodium sulphate 38 parts, 
chalk 33 parts, charcoal 2 parts, manganese dioxide J part, cullet 
50 parts. 

Bottle Glass (Brown). -Sand 100 parts, sodium sulphate 35 parts, 
chalk 34 parts, cryolite 10 parts, charcoal 2 parts, manganese 
dioxide 8 jjarts, cullet 50 parts. 

The Purpose served by Sand In Glass. — As most glasses behave 
like complex silicates, the sili(;a in them plays the part of an acid 
radicle in a complex salt, and where sand is used as the source 
of sili^ it plays the same part. Its action is purely a chemical 
one, a'Ad as in most cases the only useful constituent in it is the 
silica, it is of the utmost importance that the proportion of other 
constituents should be as low as possible. As silica is a poor 
conductor of heat, the smaller the particles the more rapidly will 
they become heated and the quicker will the glass be produced. 
Chemical reactions proceed at a rate which is closely connected 
with the amount of contac^t between the r<^a(;ting partick^s, and 
consequently the ^nalk?r the parl^cltvs of sand* the more rapidly 
will the glass bo produced. Large grain’s of sand, which are not 
readily attacked by the metallic oxides present in the mixture, 
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remain undissolved in the glass, forming “ seeds ” or “ stones ” 
which impair the tcanspareney of 'the glass Und reader it useless 
for optical instruments. 

Sources of Sands.— Transparent fused (piartz is usually made 
from selected pieces of rock crystal, Norwegian quartz being 
specially useful for this purpose. The translucent fused quartz 
(“ vitreosil ”) is made from finci white sand of the same quality 
as that used for the best glasses. 

The sands used in this country foi making other kinds of glass- 
ware were, prior to the war, largely from fonngn sources, Fontaine- 
bleau sand being largely employed for the glasses of the best 
quality ; sands from Holland, Germany, and other places were 
also ustnl. During and since the War, when these supplies were 
cut off, various English sands have been used for glass-making, 
but more recently foreign supplies have again bt^come available, 
and many glass manufacturers have reverted to the use of the 
sands which they employed prior to 1914. 

The occurrence and distribution of glass sands in this country 
have been very ably investigated by Prof. P. G. 11. Boswell,^ who 
has found the following sourct's : 

The geological distribution of glass sands is shown in Table 
XVIII. (I. 116). Glass of the best quality, such as fused silica, 
optical glass, plate glass, cut glass, etc., is made chiefly from the 
Lower Greensand beds of Lynn, Leighton Buzzard, Aylesbury, 
etc. (T. 118). The Greensand beds at Aylesford and Reigate 
(T. 118) might also be used for good glass-ware, though at present 
they arc only used for bottles. The sands of the Tunbridge Wells 
(I. 121) and Ashdown beds (I. 121) are often very pure, but the 
transport of these materials is very difficult and costly, owing to 
their situation. The Estuarine beds of Huttons Ambo are some- 
times sufficiently pure for glass-making, and some other deposits, 
such as the Eocene sands of Hampshir(> (1. 81) and the Triassic 
sands of Cheshire (I. 123) and Nottinghamshire (1. 85), might, if 
suitably treated, 1 h^ used for this purpose. Boswell also suggests 
that some of the Pocket 8ands of Derbyshire and Staffordshire 
(1. 134) might be used for some optical glass and for resistance glass- 
ware. The shore sands of tJura and Islay in Scotlafcid (I. 158) 
might also be suitable for high-class ware. Window glass and 
other glasses of similar quality are made from the GlaciaLi sands 
of Lancashire (I. 115) and the Estuarine sands of Huttons<Ambo 
(I. 103). The Eocene sands of Hampshire (I. 81), the KellaWays 
sand (I. 123) in Yorkshire at Burythorpe and South Cave (I. 123), 
and some of the Trias sands of Cheshire (I. 123) might also be 
used for window glass if washed. 

Bottle glass is made from the Glacial sands of Lancashire (I. 115), 
the Eocene sands of Hampshire (I. 81), the Thanet sands of Kent 

^ British Resources of So,nds snliahle for QUiss-mf^king, with Notes on 
certain Crushed Rocks and Refractortf Materials. Two Memoirs. Longmans, 
Green & Co., London, 1916 and 1917. 
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(I. 163), the Kcllaways bed Burythorpo and South C/av(‘ in 
Yorkshire, th(\ Estuarine sands of Huttons Ambo (1. 103), the 
Triassic sands such as those at Spital (I. 123), and various other 
less important localities. Bottles of bettor #|uality are made from 
the Lower Greensands of Ayk^sford and Roigate (I. 118). In 
Ireland, shore and dune sands (I. 157) are used, those found at 
Ardara (Co. Donegal), Ballycastle (Co. Antrim), Coalisland (Lougli 
Neagh), the shores of the river Foyle, Millisle (Co. Down), Fortrush 
(Co. Antrim), Rosslare (Co. Wicklow), Sandymoiint Strand near 
Dublin, Silv(‘r Strand neai' Wicklow, Sutton near Dublin, (‘tc., 
being very suitable. Some Scottish diim^ and sbon^ sands have 
also been workcnl for bottle-making (I. 158). 

Various tuushed ro(*ks have also been suggested by Boswell as 
suitable for glass-making. He Regards the Ix'st of th(‘se as that 
from Mu(d<isli Mountain (I. 140), whi(;h will give a colourless glass 
without any washing and may prove to be very valuable' in tlu^ 
future. Other crushed rocks suitable for glass-making oc(‘ur in 
Ireland at Achil Island (I. 140), Fort-a-cloy (I. 40), 'rinalieh^ 
(Co. Wicklow) (1. 39), etc. ; and some Scottish rocks, such as the 
sandstones of the Millstone Grit (I. 153), Carboniferous liuK'stono 
(I. 150), and ( 'alcih'rous Sandstones Series (I. 151), and the Brora 
sandstoru's of the Middle Oolites (I. 58), ap])ear to be suitable. 
Various other' d(‘])osits have been sugg(\sted by Boswell for various 
purposes ; further information concrTiiing them will be found in 
ins Memoirs.^ iMany of tin* sands in this counti'y which cannot 
be used in their natural state would n.ake high-class glass-ware 
if tluiy were pi'operly washed before use. 

Geyserite (1. 175) from Germany has been used for tlui manu- 
facture of glass, and it is stated that the use of 20-30 p(‘r cent of 
geyscrite ])rodu(^(‘s glass which is able to withstand siuhk'n changes 
of temperature. 

Chemical Composition of Sand. — The nature of the sand itsr^d 
for the manufacture of various kinds of glass varies considerably 
according to the glass to be made, but in all cases the sand consists 
principally of silica, and whilst it is generally in the form of a tine 
sand, it bo a crushed saiulstone, quartzite, or othru' silica 

rock. 

Thtt best sand which could be used for glass-making would 
consist* entirely of silica, as the purer the sand the better will be 
the gla%s. As a general rule, however, the sand used for the best- 
quality glasses contains about 99-5 per cent of silica, but may con- 
tain as much as 99-8 per cent. Th<? best glass sands in the world 
are those which contain over 99-5 per cent of silica, such as the 
Fontainebleau sand (France), which contains 99-7 per cent of 
silica, Lippe sand (G(^rm'any), containing 99*8 per cent, and the 
Berkeley Springs sands ^United iStaU^s), containing 99-65 per cent 
of silica ; some saT|ds in this coun^'y are alrrros’t as good as this, 
as, according to Boswell, some of the Ashdown and Tunbridge 
^ Loc. cit. 
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Wells sands contain 99-5-99*8 per cent of silica, the Lower Green- 
sand beds at Aylcfdmry contain about 99 to 99^-8 per cent of 
silica, at Bearstead about 99*3 per cent, at Leighton Buzzard 
99-6 per cent, and at L^nn 99-2 per cent, whilst the Huttons Ambo 
sand contains about 99-0 per cent of silica. 

The rock crystal used for making transpanmt fused quartz- 
ware must contain at least 99*8 to 99*9 pc^r cent of silica, because 
as little as 0*3 per cent of impurity will cause opacity. The purest 
glass sands are used only for the best quality, colourless ware such 
as fused silica, and for optical, crystal, and plate glasses. For 
commoner ware, such as window glass, bottle glass, etc., the 
pcrccuitage of silica need not be so high, some of tlu^ sands used 
for the manufacture of dark green bottles containing only 05 to 
^75 per cent of silica. 

Tlu^ impuritm in glass-making sands are the same as in sands 
used for other purposes, but a very small proportion of impurities 
will prevent a sand from being used for glass of high-class quality. 
The most objectionable impurities in sand to bi^ used for making 
glass-ware are alumina, iron compounds, vegetable and other 
Qrgani(^ matter and, to a much smaller extent, lime and other 
bascis. Sands for use in the maiiufactun^ of the b(?st glasses should 
not contain more than 1 per cent of all these imjiurities, and in 
most cases sands should be used with loss than half this percentage 
of impurity. 

Alumina occurs in glass sands princ4])ally as orthoclase or 
plagioclas (5 felspar, muscovite, and clay ; tlu!! two lattc'r may be 
removcKl fairly readily by washing, but fi^lspar cannot be removed 
in this manner. 

In small proportions alumina is useful in sands used for making 
glasses which are to be exposed to pressure or heat, such as thermo- 
meters, ampoules, gauge glasses, cornbustion tubing, etc., as it 
reduces the coelKcient of expansion and increases the hardness, 
brilliancy, tenacity, and strength, and renders the glasses more 
durable in use. On account of the reduction in the coefficient of 
expansion less care is necessary in the amu^aling process. Alumina 
also increases the surface tension when the surface of the glass is 
chilled, so that defects in the mould are less serious in‘ the case of 
glass which is blown or pressed, whilst at the same time thq latter 
is sufficiently plastic to acquire the requked shape. When atamina 
is present in glasses containing much lime, it also tends to jFevent 
their devitrification and reduces the solubility of the glass in weak 
acids. 

Schott has suggested that alumina hinders the volatilisation of 
the alkalies at the surface of the glass, whilst Frink has found that 
glasses containing 3-4 per cent of alumina are less susceptible to 
the reducing action of the fire or to the formation of “ cords,” 
“ strains,” or lapiirlations^than those in which a^jlmina is absent. 

The chief disadvantages of alumina in glass-sands are : 

(a) It decreases the fusibility of the glasses. 
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(6) It appreciably increases their viscosity at working tempera- 
tures, if more than 3»pcr cent of alumina is preijpnt. 

(c) Glasse.*^ containing alumina do not mix readily with others, 

so that they should not be used as cullet on account of the tendency 
to form “ cords.” • 

(d) Where salt-cake is used and alumimi is ])resent, there is 
sometimes a tendency to a slightly blue colour, due to the formation 
of an aluminium compound similar to ultramarine. 

(e) As alumina usually qpeurs as clay or alumino-silii^ates, it 
is almost iuvarialily associated with and introduces iron into the 
sand, which is usually undesirable:. 

Hence, from the preceding notes, the presence of alumina is 
often usidul, but in optical glasses it is undesirable, as it tends to 
alter the o])tical constants of the resultant mass, and in such glasses 
not more tlian 0-5 per cent of alumina should be present. On the 
other hand, the sands used for making dark glass bottles often 
contain about 3-() per cent of alumina, and fragments of Biidgewater 
bricks containing l()-4 per cent of alumina are sometinu^s added to 
increase the tenacity of the glass. 

Iron compounds are undesirable in sands used for glass-making, 
but their presence is allowable to an extent which varies with the 
nature of the glass to be juade. They usually oi;cur either {a) as a 
film coathig the grains of quartz and other minerals prt‘sent, or 
(6) as grains of magnetite, ilmenite, etc., disseminated through the 
sand. 

The occurren(,*e ot iron oxide in sands is more fully described in 
Vol. T. Chapter IV^ 

The effect of iron oxide in sands for making glass is to give the 
resultant glass a greenish or brownish colour, the depth of whi(!h 
depends largely, but not wholly, on the pro])ortion of iron present. 

Table LIX., due to Peddle, shows the effect of added iron oxide 
on the colour of the glass ; the figures are, of course, only correct 
in the absence of a decoloriser : 


Taule LIX. Effect op Ikon Oxide on the Coi.our of (Slash 


Colour o! Oluss. 

I'Vrric Oxide luldod. 

(.Colourless 

Loss than 0-02 per cent 

Nearly colourless 

002-0 •05 

Faintly ^reen .... 

0 05-0-IO 

Yellowish green 

01 -o-:i 

Oreen 

o-:i -i-o 

Dark green 

I-O .2-0 


As the sand itself only forms about two-thircis of the composition 
of the batch or mixture used for Aaking glass, it •will be seen that 
colourless glassy can only be produced from sands containing not 
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more than 0 03 per cent of iron oxide, this proportion being reduced 
to 0*02 per cent in the resultant glass. Infusing Table LTX. to 
determine the proportions of iron oxide allowable ir/"‘the glasses of 
various kinds, it should be remembered that the use of a de- 
coloriser such as manganese dioxide, nickel oxide, or selenium is 
permissible in many branches of glass manufacture, so that rather 
more iron is permissible in the sand than would otherwise be the 
case. 

The best-quality optical glass should be perfectly colourless and 
the sand used in making it should no*t generally contain more than 
0-03 per cent of iron oxide, whilst optical glasses containing barium 
and zinc compounds should preferably be made from sands contain- 
ing not more than 0-02 per cent of iron expressed as ferric oxide. 
“ Crown ” ojjtical glass, on the contrary, is often made from sands 
containing up to 0-4 per cent of iron oxide. Oystal glass, which 
is used for cut-glass worlc, should contain less than () 04 p(‘r c(int of 
iron oxide. Plate glass should contain not more tlian 0 ()5 per cent 
for the best qualities, though poorer qualities may contain up to 
0-2 per cent. 

Sands for mirror glass should contain not more than 0-1 per 
cent of iron oxide. For laboratoiy glass - ware a sjiecially low 
percentage of iron oxide is not quite so important, and up to 0 05 
per cent is permissible. 

Bottle-glass sands may have a very variable proportion of iron 
oxide, which, according to the colour of tlu^ bottles d(‘sired, may be 
between 0-5 and 7-0 per cent, though about 1-5 per cent is regarded 
as the usual limit. 

TAme awl Alkalies . — ^Tho presence of lime and alkalies is usually 
undesirable in glass sands, though their presence does not often 
cause serious trouble. In optical glass, it is preferable to use sands 
which do not contain more than a total (.)f about 1 per cent, as it is 
then possible to add just the substances required to make the glass 
without the unwished-for effects of other makuials on tlu^ oj/tical 
constants of tlu? glass. In sands us(?d for making other kinds of 
glass, the presence of lime and alkalies is not usually serious unless 
they are associated with iron compounds or other colour-producing 
substana^s. , 

Magnesia in more than unavoidably small proportions is always 
undesirable in glass-maldng sands, as it tends to make tlujy glass 
viscous and “ stringy ” ; occasionally magnesia eompound^^ form 
insoluble fragments known as “ stones,” consisting of silicates or 
alumino-silicates of magnesium and lime, wliich do not fuse at the 
highest temi^erature attained in practice. These “ stones ” may 
be identified under the microscope, and should be avoided as far as 
possible. 

Organic matter should not be present* in the sands used for 
glass-making, as when the various materif^s are being heated and 
fused the organic matter chars ifnd forms black spots which are not 
readily burnt out, though they can sometimes be oxidised by the 
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addition of nitre to the batch. A sand which is Rtlierwise suitable 
may sometimes be freed from (jrganic matter bv washing. 

The nioisl\re amtent of a sand to bt) used for glass-making is not 
often important in the case of the cheaper kinds of glass, and in 
some cases wet sand is used . For the best qualities of glass, however, 
it is usually desirable to employ only dry sand, especially where 
the composition of the glass batch must bo made u]) very accurately, 
A small proportion of ‘‘ combined water ” (J. 182) may 0 (“cur in 
some of the minerals present, siu^h as clay, mica, etc., but this is 
usually of minor importance.* 

Mineralogical Composition. - -A sand to be used for glass-making 
should consist almost wholly of colourless grains of pure quartz. 
A very small percentage of felspar (I. 184) may be jK^rmitted, on 
account of the alumina it contains, but it must never be largo enough 
to produce turbidity or opacity. 

Clay (T. 182) is undesirable, and if present should be removed 
by washing the sand. 

Hearn/ mineraU (I. 203) are particularly harmful, as they tend 
to introduce iron compounds which spoil tlu^ colour of the glass. 
In sands used for the poorer qualities of glass, they may be present 
to a small extent without doing much harin. 

Soluble salts, particularly suli)hates, are very objectionable in 
sands used for the manufacture of the Ix^tter qualities of glass, 
because they tend to make the glass turbid or even opaq\ic and 
reduce its resistance to the weather. An excess tends to form a 
floating scum during the melting and hinders the classification or 
“ fining ” of the glass. 

The shape o! the grains of ^and used in glass-making is not of 
groat importance, as both rounded and angular grains may be 
satisfactorily employed. The only advantag(‘, possessed by angular 
grains is that for the same weight of sand they have a greater 
surface area than rounded grains, and so melt more quickly and 
should require less fuel ; the difference is, how^ever, scarcely 
perceptible. 

The Fontainebleau, Dutch, and most of the British sands suitable 
for glass-maldng are all fairly angular ; the Worksop sands, on the 
contrary, ponsist largely of rounded grains. 

• Size of Sand Grains. — Wlum a sand is to be used for glass-making, 
the '|izo of the grains is not so important as their uniformity, provided 
the ^nd is sufficiently fine. The manufacture of glass is essentially 
a chemical reaction in which the sand is one of the chief ingredients. 
As all chemical reactions proceed most smoothly and rapidly when 
the various reagents are in the most finely -divided state, it is obvious 
that the smaller the particles of sand the more suitable will they 
be for the manufacture of glass ; there is, however, a limit of size 
below which mechanical difficulties occur. If the sand were ground 
to a fine dust, a considerable part of it w^ould bo drawn out of the 
melting pot or tank by the draught of, the furnace, and the com- 
position of the batch remaining behind would be thereby disturbed. 
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In addition to th\s, there is the great coat of grinding sand to dust, 
a« cost which must be avoided as fai; as possibly in the manufacture 
of the commoner l^inds of glass. Another matter iC/hich has in- 
directly an important bearing on the size of the grains of sand used 
in glass-making is the fact that the smallest grains usually contain 
the chief part of the imjmrities in the sand, and by separating these 
very small grains a great improvement in the purity of the residual 
sand is effected. The reason why some glass manufacturers have 
reported that the smallest grains are unsatisfactory apj)ears to be 
the presence of impurities in the sanef rather than the smallness of 
the grains. A further disadvantage of very fine sand is that any 
surplus tends to remain in suspension in the glass instead of settling 
readily during the “ fining ” process, and consequently a turbid 
glass is produced. 

For most kinds of glass the grains of sand may be of any size 
less than 0-025 in. in . diameter, but the practical advantages, 
especially as regards tlie increase in the purity of the sand, which 
are secured by removing the smallest particles, arc so great that it 
is not usually desirable to (employ a sand containing particles less 
than 0-005 in. diameter. Where a narrower range of size is possible, 
either as a result of washing and screening or because an exception- 
ally uniform sand is available, it is still better to use a sand in which 
the largest grains do not exceed 0-012 in. diameter and the smallest 
ones are not less than 0-005 in. diameter. The use of particles 
larger than 0-025 in. diameter is undesirable, as they melt more 
slowly than the smaller grains and tend to leave “ seeds or un- 
melted particles in the finished glass. 

Whatever limits of size of the sand are adopted, it is most 
important that all the grains should be as equal in size as possible. 
A uniform sand Avill melt more quickly and will produce a inore 
homogeneous glass than one containing grains of numerous sizes, 
especially where stirring the molUm glass is not permissible on 
account of the danger of contamination. Where the cost is not 
prohibitive. Peddle has .suggested that a sand used for glass -making 
should consist of grains between 0-009 and 0-012 in. diameter. 

Some of the best gla.ss sands available conform very closely 
to the limits just mentioned. One of the most widely used, the 
Fontainebleau sand, has, according to Peddle, 79-6 per cent of 
grains between 0-009 and 0-012 in. diameter. The same investig ator 
has stated that the sands of the Middleton bed of the Lynn^sand 
and the Huttons Ambo sands are amongst the most uniform glass 
sands in the country. Table LX. shows an interesting comparison 
between various washed sands. 

It will be seen that Lynn and Huttons Ambo sands are almost 
identical with Fontainebleau sand, and for the range 0-009-0-02 in. 
they are rather better as regards texture* and melt rather more 
quickly. ^ «• 

Fused Silica-imre. — ^Th^ silica^rock used for making transparent 
quartz- ware is generally ground to the form of a dust or extremely 
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Table LX. — Mechanical Composition of Sands (Peddle) 


size, in 
Inches, 

-V" 

ci 

JV 

3 

u 

a 

B 

a 

o 

b 

Huttons Ambo.j* 

i 

£ 

1 

m 

i 

c 

South Cave. | 

2 

<4 

- - 

c 

PQ 

s 

3 

-f, 

Dutch. 

Worksop. 

Over 0 02 

0-1 

0-05 

0-1 


0-9 

9-8 

0-0 1 

1-0 

005 

9-0 

0-009-0-0J2 

79-6 

77-9 

48-8' 

5:L.5 

7-2 

92-9 

78-4 

59-7 

74-8 

2()-0 

0 009-0 02 

si-:i 

92-1 

50-7 

r>:i-7 

7-(> 

89-2 

9 1 -0 

82 -.7 

78-0 

75-7 

0-00.5-0-02 
Less than 

99 -M 

99-7 

98-1 

99-0 

95-:{ 

90-0 

99-9 

9(>-(i 

99-7 

89-8 

0-005 

0*05 

0-2 

1-8 

0-7 

4 4 

0-2 

0(1.7 

2-4 

0-2 

1-2 


fine powder so that it can be inelled wry quickly. Tluu’c is j iractically 
no limit to the fineness allowable, the conditions of manufacture 
being different to that of ordinary glasses. Tlu^ sand used for the 
less transparent fused silica-ware made in an clectfic furnace should 
consist of grains of the same size as is used for glass. 

Specifleation of Sands for Glass Manufacture. — Kor the produc- 
tion of the best qualities of glass, only the purest silica sands should 
be used. The iron, expressed as oxide, should not ex(T‘ed 0‘02 
per cent, the alumina should not exceed 0*05 piT cent, and all other 
oxides should not exceed 0*5 per (;ent. I'lie grains should be 
colourless and as uniform as possible in size. Grains larger than 
0*012 in. diameter and those less than 0 005 in. diameter should 
be absent. 

For glasses of inferior quality the restrictions neinl not Ih^ so 
severe, and wlicre dark-(K)loured glasses are to 1x5 [irodiKxul low- 
grade sands rich in iron may be employed. Alumina in excess is 
harmful, and should be avoided. 

Preparation of Glass Sands. — The nature and amount of prepara- 
tion necessary for producing sands fit for glass- making depends 
chiefly on the kind of glass to be made. Common green bottles 
are often made from sand wliich is simply removed from the pit 
and weighed for use, no treatment being considered necessary. 
For chemical ware, plate and shet^t glass, the sand should preferably 
be Tjjashed and dried. For crystal glass and colourless glass of 
med’pin quality the sand should be washed, dried, and sieved 
free from dust, whilst for the best quality of optical glass the sand 
should be first washed and dried, and then screened so as to exclude 
both very coarse and very fine material. 

Grinding is sometimes practised in the preparation of sands 
for glass-making, and is essential where a crushed rock is employed. 
The disadvantages of this treatment are, however, that it increases 
the cost of productioni there is a probability of spoiling the glass 
on account of tile introduction df iron from the grinding plant, 
moisture is liable to be absorbed and may cause bad mixing, and 
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the fine particles may produce a,> non-homogeneous melt. These 
difficulties can be overcome, but it js preferaljle, where possible, to 
use a sand which does not require crushing. 

Rocks which need to be crushed to reduce them to sands are 
usually treated first in*a primary crusher (I. 346) and then in an 
edge-runner mill with a stationary solid bottom pan (I. 375), or in 
one of the fine-grinding machines described in Vol. I. Chapter VIII. 
A very ingenious mill used in America consists of a stationary 
solid pan, with two screens in the s^des of the pan and opposite 
to each other. Water is fed on cither side. The tailings are 
returned to the mill at intervals, whilst the material which passes 
through goes to the washers. It has been claimed that a mill 
of this kind, with a pan 9 ft. diameter and rolls with a 12 -in. face 
weighing 5000-6000 lb. each, will treat 100-250 tons of material 
every 10 hours. 

Screening is very desirable in order to produce a sand of uniform 
grade. The coarse particles may be separated by means of a 
coarse screen, whilst either a fine screen or some method of washing 
may be employed to remove the finest grains. Sands which are 
screened are considerably improved both in physical texture and 
in chemical composition, as much of the impurities present are 
removed Mitli the finest particles. According to Peddle, the effect 
of screening a sand is to improve the colcnir of the resultant glass 
by approximately one shade (6*ee 'J^able LIX. on p. 197) by the 
removal of the iron oxide, but the actual amount removed in this 
way must of course depend largely on the nature of the iron com- 
pounds present. 

The beneficial effect of screening in removing some of the 
impurities in the sand should not be overlooked, as much of the 
iron, titanium, and aluminium compounds, as well as other heavy 
minerals (I. 203), may be removed by this means (Table LXI.). 

Tablk LXI. — Effkct of Scbeening on Pukity ob' Sand* 



A. 

B. 


Before 

Sereenliig. 

After 

Screening. 

Before *. 
Screening. 

After 

Screening. 

L 

Iron oxide .... 

0-0()68 

0 002 

0-0114 

I 

0-0^29 

Titanium oxide . 

0117 

0-024 

0-024 

0-00434 

Alumina .... 

0-276 

0-085 

0-366 

0-106 


* Annual Reitort of the State Geologist for the Year 1000, Ueol. Survey of New Jersey^ 
pp. 77-90. 


. r 

It is frequently found »that K a glass-making sand is screened 
so as to reject all particles smaller than 80-mesh, the quality of 
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the resulting glass is greatly ii^provcd on account of the absence 
of the impurities wl^ch were clpefly present in the line material. • 

Washing by far the most effective metl?ocl of improving the ' 
quality of saiuls employed for making very pure glasses, as the 
Removal of iron compounds, clay, etc., is ‘‘largely effected by this 
means. 

Much of the iron compounds occur among the smallest grains 
of sand, and in many cas(\s tlui proportion oi iron compoumls may 
be reduced by mendy nmioving the finest ])articlcs of the sand, 
e.g. by washing. This is dhe to the fact that the iron is often 
associated witlj any clay which may be prc'scait, so tha.t wlnm the 
clay is removed the iron is also partially separated. l^iVen v\ith 
regard to the iron coinpoimds not associated with clay, it will be 
found that, wlicn in the form of grains disseminated through the 
sand, they are almost invariably much liner than the (piartz-grains, 
so that they an; largely removed by washing away tlu; linest ])ortion 
of the saml. Hoswell has foiiml that the iron, e.xprcsscd as ferric; 
oxide, in the Leighton Buzzard sands jnay, l)y suitable' washing, 
be reduced from (310 to about O OO per (;ent, whilst that in the 
Huttons A in bo sand has Ix'cn reduced from 013 to O Od ])cr caait. 
The proportion of iron, alumina, and otlu;r compounds in sands 
may also be r(;duced considerably by this treatm(;nt. A(;cording 
to Peddle, the effect of washing a sand is to improve tlie colour 
of the resultant glass by two shades {see Table LIX. on p. 107) ; 
where screening and washing are both em])loy(;fl, tin; resultant 
glass may be thn'e shades light(‘r than that made from unwashed 
sand. These figures are only approximate and must not be a[)plied 
too rigidly. 

Where a sand t;ontains a very adherent film of iron oxide or 
limonite, washing may not improve it to any great extent ; in such 
cases, if the jiroportion of iron oxide is high, the sand should be 
rejected. 

Washing also has the advanlag(; of removing some of the linest 
particles of clay, organic matter, salts, etc., which might cause 
trouble wh(*n melted with the r(;st of the sand. The effect of 
washing in improving the grading of a glass sand is shown in 
Table LX^l., due to Boswell. 


Tabld lx 1 1. — Kffk<t of W.^sHiNO ON Sand 


Sizes of Particles. 

0 04(5 to 

0 02 in. 

002 to 

0 01 ill. 

0 01 to 

O tKJt in. 

0-004 to 
0-0004 in. 

L«!HS tlian 
() 0004 in. 

'J’otal 

Sand 

Grade. 

Port-a-cloy silica ; 
Untreated . 

2 <) 

r»r)(> 

29-8 

8-1 

3-9 

88-0 

Waslied 

1 

49-7 

44-7 

4-5 

M 

94-4 

Huttons Ambo sand : 







Untreated . . i 

4-4 

7M 

200 

. ! •« 

2-9 

95-5 

Washed • 

1-2 

tK*0 


O-o 

0-8 

98-7 
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The methods of washing which^may be employed are described 
in Vol. I. p. 384. ^Washers of thei inclined f^Tew conveyor type, 
such as the Freygang separator (I. 390), are very s.^tisfactory for 
glass sands. Care should be taken not to allow the wash- water 
to flow away too rapicTly or much valuable sand may be carried 
away and lost. 

Chemical puriJicMion is sometimes useful, the methods employed 
being those described in Vol. 1. p. 433. Boswell has mentioned an 
instance in which the iron content o^ the sand was reduced from 
0*2 per cent to 0-03 jjer cent of iron oxide by treatment with nitre 
cake. Chemical purilication is only valuable for sands which are 
to be used in the manufacture of high-class ware, as for common 
glass the cost of treatment is ])rohibitive. 

Magnetic separation (I. 42S) may sonu^timos bci employed with 
advantage in purifying sands for use in special glasses, especially 
for the removal of UKitallic iron, magnetite, and other magnetic 
minerals. Rocks which have to be crushed to powder before use 
should generally be subj(‘cted to a proc(‘ss of magnetic set)aration, 
as they are liable to be contaminated with metallic iron during the 
process of grinding. 

Drying is necessary in the (^ase of sand for the best qualities 
of glasses, but wet sand is sometimes employed for making inferior 
grades. The extent of drying which is necessary depends on the 
nature of the glass-ware to be made. Sands ari) often merely 
drained, no artificial heat being used to dry them. Steam-pipe 
dryers (I. 409) in which the material is discharged on to hot pipes 
are sometimes used. Rotary dryers are very useful where the 
output is sufficiently grcjit ; for glass-making sands, enclosed 
rotary dryers such as the Buggies Coles (1. 410) or Manlove Alliot 
type (I. 411) are preferable to those in which flames and waste 
gases come in contact w'ith the sand, as there is less contamination 
by the flue gases. Stack dryers (1. 408) have also been used. 

Testing Sands for Use in Glass-making. — The principal tests 
required to determine whether a sand is suitable for use in glass 
manufacture may be divided into two groups : 

(A) Tests of Purity : • 

1. The colour of the sand should l)o examined both in its 

raw and calcined state, as this mil give some indieftion 
of the purity of the sand. # 

2. A chemical analysis (1. 237) to show what impurities 

are jiresent and particularly the percentages of iron 
oxide and alumina. For many purposes an analysis of 
’ the residue left after treating the sand with hydrofluoric 
and sulphuric acids (which remove the silica as a volatile 
fluoride) is preferable to an orclinary chemical analysis 
(see T. 2Q3). t 

3. An elutriation test (I. *252) to determifte the proportion 

of clay present. 
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4. A mineralogical analysis (1. 250)# by means of a micro- 
scope, toodetermine^thc nature of t{\e impurities presoiit. 

(B) Tests of 'fexture : 

1. A microscopical examination (1.^241) to show the shape 

of the grains. 

2. A sizing or grading test (T. 240) to show the proportions 

of grains of various sizes. 
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THE USE OF SANDS AS ABRASIVES AND POLISHES 

Abrasives are used in innumerable industries for grinding and 
polishing leather, metals, hides, etc., for cutting, grinding, and 
polishing glass and stone, polisliing and smoothing wood, ivory, 
and many other articles. In gcuu^ral, the grinding, smoothing, 
or polishing action is due to the rubbing of a hard abrasive material 
upon the soft(‘r article, with the r(‘sult that the irregularities in 
the surface of the lattcu* are worn down and smoothed over, until 
a sufficiently smooth surface is produc(‘d. In the final stages of 
polishing the abrasive may not be nuu^h, if any, harder than the 
article to be ])olish(.‘d, and in some cases the abrasive is quite soft. 

All abrasives are of tlu^ nature of eithc'r natural or artificial 
“ sands,” though sonui of them are not commonly included under 
this term. They are a])])lied in various ways, tlu5 chief of which 
are : 

(1) In the form of a loose, incoherent material, which may be 
either dry or wet, which is jdaced on some hard surfacie, su(*h as 
a plate of iron or glass, and the material to be ground is rubbed 
upon it until it is sufficiently abraded, fresh sand beitig added 
as may be required during the process. This method is employed 
for grinding and polishing stone, metals, wood, ivory, leather, 
glass, etc. The powder is sometimes sj)rinklcd on a wheel covered 
with suitable support such as felt, and the article to be polished 
is applied to the prepared surfat^e of the wheel. This arrangement 
is specially used for very fine polishing and finishing metals, sucji 
as the bulling of silver piate, etc. 

(2) In the form of a loose, incoherent powder, the particles of 
which are projected with some force (e.g. in a blast of air ^at a 
pressure of 1-4 lb. per sq. in.) against the surface of the glass, stone, 
metal, etc., to be polished (Fig. II). The innumerable impacts 
of the grains of sand against the surface, each impact producing 
a minute depression, gradually wears away the irregularities on 
the surface of the article and so smooths or polishes it. If, on the 
contrary, a polished surface is treated in this way it is immediately 
roughened. Thus, by merely alla)ving the sand to^ play on a sheet 
of glass for a moment, the "glass is rendered opaque wherever the 
sand can strike it, and if the exposure were to be prolonged, holes 
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would be cut right through the glass. The advantage of this 
process, especially with brittle materials likei glass, is t hat the 
erosion is carnbd out by an immense number of extrem(‘ly small 
blows, each of which has no harmful actiop on the material as a 
whole, so that there is no danger of breakage such as would occur 
were the force applied in a more concentrated form, as in chii)])ing 
glass or stone. This method of using abrasives, termed sarul- 
blasting, is largely used for producing ground and frosted glass, 
for decorating sheets or objects made of glass with oriuiTnental 
designs, labelling bottles, etc. Sand-blasting is also used for clean- 
ing the scale off castings, and is very effective, as the abrasive 
penetrates all the recesses of intri(;ate castings without disturbing 
the shape. It is also useful for (leaning eastings, prior to galvanis- 
ing, tinning, or plating ; formerly, this was done by pickling in 



acid, but sand-blasting is far more eff<jctive and quicker. A sand- 
blast may be used for re-sharpening tiles, the sand being applied 
to the back of the teeth for about 3-5 mins., so as to cut away the 
m^tal and form new cutting edges. 

3/ In the form of a powder which is mixed with glue or other 
suita*dc adhesive and applied to the surface of strong iiafjcr, cloth, 
leather, etc., in such a manner that the grains of sand project 
from the surface of the material and form an abrasive surface. 
This method is employed chiefly for the medium and fine polishing 
of metals, wood, etc. For fine polishing, the paper or cloth may 
be mounted on the sidee or rim of a wheel, which is then revolved 
and the article to be polished applied to it. 

4. In the form of a<block, wheej, disc, cylinder, ring, roll, plate, 
or cup, composea of sand particles united by means of shellac, 
rubber, clay, or other suitable binding material. The blocks may 
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be applied to the article to be abraded or vice versa, but the wheels, 
etc., are mounted on a shaft and rotated, therarticl^being applied 
either to their faces or edges. This method is lai^ely employed 
for grinding metals. , 

5. In the form of a polishing paste or liquid, consisting of an 
adhesive powder suspended in a suitable medium, with or without 
a detergent to assist in removing any dirt or grease. This mode 
of using abrasives is largely employed for cleaning and polishing 
metal surfaces, the sand or its equivalent acting as a detergent 
as well as an abrasive, as in the metal polishes so largely used for 
cleaning brass, etc. It should be remembered that all polishes 
are not abrasives ; some contain no abrasive and produce a gloss 
or polish by filling any small hollows in the surface and coating 
it with a shining film of wax or other glossy material. 

6. In the fortn of an abrasive soap which consists of an ordinary 
soap mixed with abrasive sand, so as to increase its detergent 



McEwm, Denly & Ilart’Brms, Lid., Smburu-on-Thames. 
Fig. 12. — Abrasive wheels. 


properties. Many cleaning powders and “ dry soaps sold under 
fancy names are of this type. 

Abrasive Materials. — ^The following are the principal “ sands ’’ 
which are used as abrasives : 

Silica in various forms is used as an abrasive, either as a loose 
sand applied to paper or cloth, or as a compacted block such as 
a sandstone. In each case, however, the action is due t'o the sand 
and depends on the rubbing of the particles of quartz. Siliceous 
sand or powdered quartz is used for cutting stone, marble, or glass, 
the sand together with water being fed on to the edge of a ^netal 
wheel which scrapes and presses the sand particles over the surface 
of the stone, etc., and so cuts through it. It is also used for grinding 
marble and other stones, glass, metals, etc. Sharp sand is used 
on a horizontal revolving iron plate for grinding terra-cotta, 
sanitary ware, and other ceramic articles, c 

The silt used in making Bath Bricks (I. 159) is a sandy material 
which is moulded into small bripks which ate bupied at a dull red 
heat and used for cleaning various domestic articles and for roughly 
polishing metals. 
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Siliceous sands are used (i.) loosely, (ii.) in the form of glass; 
and sand-pap^ for sinoothing \rood, leather, cte., (iii.) mixed with 
soap and usefflor scouring purposes, loose silver sand and crushed 
quartzites being also used for this pur|X)se,,(iv.) sometimes in the 
form’ of a sand-blast, for etching and dec’orating glass, cleaning, 
and surfacing metal castings, etc. (.see p. 200), but for the latter 
purpose the sand is sometimes replaced by finely-powdered steel 
shot, and (y.) in the form of blocks, wheels, etc!, such as hones, 
oilstones, millstones, etc., chi<ifly for grinding metals. On account 
of its inferior hardness, sand is Iwing displaced for many purposes 
such as stone -cutting, grinding, etc., by alummous and carbide 
abrasives which are more effective and cheaper to use. Whilst 
sand can only bo used to a small extent directly as an abrasive, 
it is one of the chief ingredients in the valuable (carbide abrasives. 

Oilstone sarul (I. 131), produced by grinding oilstones, is a 
siliceous abrasive which is (chiefly ust^d for grinding and polishing 
bt'ass fittings, such as mathematical and optical instruments. 

Chert (I. 175) is sometimes used as an abrasive, though generally 
in the form of blocks and not as a powder. 

Rottenstone (I. 146) is a siliceous abrasive which is used for 
cutting and polishing glass, medals, etc., and also as an ingredient of 
tjietal polishes. It is also used for cutting colourless precious stones 
and for the first stages in polishing stones such as jasi)er, agate, etc. 

Kie.sel(juhr (I. 96) is a siliceous abrasive similar to rottenstone 
in texture ; it is used chiefly for polishing metals, glass, and pn^cious 
stones, and for making metal polishes. It has also been employed 
as a dentifrice. 

Tripoli (I. 165) is a variety of kieselguhr and is used for the 
same purposes. 

Pumice powder (I. 137) is a siliceous abrasive which is employed 
for cleaning wood, stone, and metal, for domestic purposes and also 
for the rough polishing of glass, stones, ivory, and metals, and for 
smoothing oikdoth. It is occasionally used as a d(mtifri(;e, but is 
too powerful to be satisfactory for this purpose. 

Alumina in certain forms is a very powerful abrasive and is 
very valuable. It occurs in nature as emery (I. 101) and corundum 
(I. 93) and* is also made artificially under various trade names, 
including aloxite, alundum, borocarbone, corubin, oxyalumina, 

etc., Which are much harder and so give bc^ttor service than the 
natursik abrasives. They are used in the form of powder for grind- 
ing and polishing glass, gems, metals, edge tools, parts of firearms, 
etc. ; and in the form of blocks they are used as sharpening stones 
for edge tools of various kinds. Aluminous abrasives should 
preferably be employed for materials having a high tensile strength, 
such as steels and hard»bronzc8, as aluminous abrasives are not 
so likely to splinter when applied to such materials. Aluminous 
abrasives are also used €or some srjftcr materials such as rubber, 
celluloid, etc. * * 

Silicon carbides and carboxides are very valuable abrasives 
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produced artificially and sold under various trade names such as 
carborundum, cry stolon, carbosilite, dectrolon, ^brox, etc. (see I. 86). 
Carbide abrasives are now largely used, both in the <orm of powder 
and as wheels, etc., for surfacing, slotting, and moulding metals, 
stone, and marble, for mitre-cutting, checkering, lacing, fluting, 
and beading glass, and for smoothing and bevelling the edges of 
lenses and for cutting and grinding hard rubber, fibre, etc. Glass 
is sometimes polishecl with very fine carborundum which has been 
specially treated with hydrofluoric acid and mixed with oil. Carbide 
abrasives are preferable for metals of low tensile strength, such as 
cast or chilled iron, brass, soft bronzes, aluminium, copper, granite 
marble, leather, and wood, as they tend to splinter with materials 
which wear away only under great pressure. 

Diammd is the hardest material known, having a hardness 
of 10 according to Mohs’ scale, and is an extremely valuable abrasive, 
especially for very hard materials. Diamonds are often mounted 
on the circumference of copper or cast-iron wheels so that they 
project like the teeth of a saw, or they may be mounted on a metal 
slide which is given a reciprocating motion. They are used for 
cutting gem stones and other hard minerals. In tht; form of a very 
fine sand or dust, they are used with oil for cuttirig and polishing 
gems and precious stones. 

Garnet sands are chiefly used in the form of abrasive papers 
or cloths for smoothing w'ood and other fairly soft materials, as 
garnet is not so hard as quartz and artificial abrasives. Powdered 
garnets, embedded in shellac on the circumference of a wooden 
disc, have been used for ages in India, long before such wheels 
were knowm in Europe. They are also used in the form of blocks, 
bonded with shellac, by Indian coppersmiths and silversmiths for 
preparatory polishing processes. 

irem oxide sometimes occurs as a sandy or earthy material, 
which leaves, when the coarser partick's have b(H>n removed, a 
material known as rouge, though the greater part of the rouge now 
used is prepared artificially. It is soft and capable of giving a 
very high polish to metals, glass, etc. CrocUs marks and glassite 
are other forms of iron oxide which are also employed as mild 
abrasives and polishes. 

Crushed steel and angular grit are not strictly sands, thotigh 
they have similar properties and so may bo mentioned’* here. 
Crushed steel is steel powder, whilst “ angular grit ” is preparQ>.l from 
chilled iron. They are largely used in America, one form of crushed 
steel which is made at Pittsburg being known as “ diamond steel 
emery.” “ Angular grit ” is largely used in place of sand for sand- 
blasting. 

Other abrasives which are not strickV sands, such as lime, 
whiting, chalk, putty powder (tin oxide), manganese dioxide, etc., 
are used for fine polishing, but Jhesc do no; come within the scope 
of this volume. 

Essential Properties. — ^The principal qualities required in an 
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abrasive or polishing sand, in whatever form it is used, are : 
(1) Durability (2) n^ndity of tlction, (3) uniformity of action, and 
(4) finish. 

Durability . — An abrasive or polishing Sr^nd is required to grind 
the surface of other materials and remove projecting particles 
from them, but in doing this the sand itself must not be worn 
away excessively, or the cost of using it would be excessive. The 
durability of a sand under such circumstances dcjpends ui)on 
(a) its hardness (p. 213), (h^ ks toughness (p. 216), and (e) the 
proportion of the total area of the grains which are available for 
abrasive or polishing purposes, as any abrasive material which 
remains embedded in the glue or other adhesive^ or binding material 
is useless so far as abrasion is concerned. The advantage of using 
a loose, incoherent sand for grinding is that the wliole of tlie surface 
of the grains takes part in the abrasive action, whereas in emery 
cloth or abrasive wheels, only the exposed part of the grain has 
an abrasive action, and when tliis is worn down the remainder of 
the grain cannot be used on account of its position. 

Rajjidily of action is obviously of commercial importance, and 
the best abrasives and polishes do their Avork at the maximum 
rat(i. The factors connected with the sand which enter into con- 
ijideration are {a) hardness of the grains of abrasive material 
(p. 213), (6) their toiighness (p. 216), (c) shape (p. 216), and (d) size 
(p. 217). Other factors, not directly connect(5d with the abrasive, 
which infiuencjo the speed of grinding include : 

1. The speed with which the artich^ to be ground moves over 
the abrasive, or vice versa. This factor introduces the force of 
impact, which is dependent on (a) the pressure exerted in the case 
of articles rubbed on loose pow'ders or applied to a wheel, (b) the 
peripheral speed in the case of wlu‘(‘ls or the like, (c) the speed at 
which the abrasive travels, (d) the grip of the adhesive on the grains, 
and (e) the number of impacts in a certain time, which is also 
dependent on the speed at Avhich the abrasive and article move 
over each other in the case of loose powders or wheels, and the 
speed of travel in the case of a sand-blast. 

2. The pressure at which the article to be abraded is applitul 
to the abrd!sive material, or vice versa. Where the pressure is high 
(Avfthin certain limits) the speed of grinding will be increased. 

3. *^ The rigidity of the grains, i.e. whether they are able to 
giv(^” during service ; this factor varies greatly. In the case 

of a wheel or similar appliam^e, there is a maximum rigidity, as 
both the article and the grains of abrasive are rigid and unable 
to “ give.” In the case of a sand-blast the grains are able to slip 
to some extent, and when loose pow^dcr is rubbed on the article, 
or vice versa, the slip is c|)risiderabl<>. 

4. The ease with w^hich the abraded particles escape from the 
seat of abrasion. This is impor1#,nt, especially in the case of 
grinding wheels, as where such particles* do not escape, they clog 
or “ glaze ” the wheel and so reduce the speed of grinding. 
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5. The hardness or resistance of the material to be abraded, 
which may be so limilar to that 'of the abrasive ,that‘ grinding 
proceeds too slowly to be practicable. These latte^.’ factors must 
be dealt with in the m(),niifacture of the abrasive wheels or in the 
design of the abrasive machines and are not functions of the sand, 
so that they do not come within the scope of this volume. 

Uniformity of action is very important, no matter whether the 
sand is used as a loose powder or in the form of an abrasive paper, 
block, wheel, etc., as if part of the abmsivo has a diffenuit abrasive 
power from the remainder the (effect on the material to be ground 
or polished will be irregular. Uniformity of action depends chiefly 
upon (a) the hardness of the grains, (6) their toughness, (c) their 
shape, (d) size, and (e) grading. 

Finish . — A certain smoothness or “ finish ” is required upon 
articles which have been abraded. It varies according to the 
material being ground and the puri)oso for which it is to bo used, 
and is dependent upon many factors. Those connected with the 
sand are the (a) hardne.ss, (h) shape, (c) size, and (d) grading of the 
abrasive grains, but many other factors also enter into the problem. 
Thus a grain of given size coming into contact with the article 
to be ground or polished at a greakT velocity will give a finer 
finish than another grain at a lower velocity. A low pressure 
will also give a finer finish than a heavy one. 

From the foregoing statements, it will be seen that the principal 
requirements of abrasive sands are dependent on the following 
properties of the material : (1) Hardness, (2) toughness, (3) shape, 
and (4) size of grains, the latter including the grading of the 
material. 

The chemical composition of abrasive sands is not directly 
important in itself, but it may help to decide their value in compar- 
ing different varieties of the same abrasive. 

A siliceous sand for use as an abrasive should be as pure as 
possible, as the presencc> of minerals other than quartz will result 
in a lack of uniformity in the abrasive? action of the material and 
usually in a reduction in the hardness of the abrasive. In some 
cases, the impurities may “ smear ” the grains and prevent them 
from doing their work. ’ ^ 

Pumice and rottenstone may sometimes (jontain felspar grains, 
which are very undesirable, as they cause scratches in the pohshed 
surface produced by the? fine abrasive. This is partly due tf' their 
being larger than the particles of abrasive. This is referred to later. 

Aluminous abrasives may be judged by the percentage of free 
crystalline alumina they contain, as all other constituents are 
softer than alumina and, therefore, undesirable. Natural emery 
seldom contains more than 77 per cent oh, crystalline alumina and 
is, therefore, less valuable than artificial corundum, which may 
consist of practically pure crystalline alumifta. 

Lime compounds are 'very undesirable in hard abrasives, as 
they are much softer and reduce the efficiency of the latter, Lime 
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is, however, extensively used alone as a mild abrasive or polishing 
agent, particularly f j»r silver. » ^ 

Carbide ifirasives should be as pure as possible and should 
not contain any of the original ingredients in the free state, as 
this would reduce the abrasive ])ower of*the material as well as 
reducing its uniformity of action. 

Other abrasives should bo as pure as possible, so as to oonsist 
of one material only and so effect a uniform abrasion. 

When a sand or other f^brasive is made into a block, wheel, 
or similar article, the presence of other materials apart from the 
principal grinding agent may be essential and sometimes an 
advantage. Thus, whilst the iron oxide in emery reduces the 
value of the material as an abrasive it does serve as a bond in 
making emery wheels, so that in some cases it is not entirely useless. 
As a general rule, however, the purer an abrasive the greater will 
be its value, as the required amount of bond can be added if the 
abrasive is to be used in the form of a block, wheel, etc. 

The abrasive “ sand ” must not be poisonous, or the workers, 
who can scarcely avoid inhaling some of the dust, may quickly 
contract a fatal ilbiess. For this reason, the use of some powders, 
such as tin oxide (putty powder), is now prohibited. 

It is very desirable that an abrasive should not be affected by 
’contact with water, as the latter is very useful in expediting the 
grinding and in catching much of the dust produced. It is usually 
the bond, and not the abrasive, which is affected by water. 

The mineraloglcal composition of an abrasive sand, as distinct 
from its chemical composition, is important, as substances of 
similar chemical composition often differ very greatly in their 
physical properties ; for (example, corundum and diaspore would 
each show practically 100 per cent of alumina on analysis, but 
the latter is far softer than the former and of little value as an 
abrasive. 

Siliceous abrasives should consist, as far as possible, entirely 
of particles of quartz, except in the case of rottenstone, kieselguhr, 
.diatom -earth, etc., where cellular silica is the predominant form. 
Aluminous abrasives should, as far as possible, consist only of 
crystals of corundum, whilst carbide abrasives should contain 
oftly crystals of silicon carbide or carboxide. Any other minerals 
present are usually impurities and in all probability have a different 
hardness and are, therefore, detrimental. To ensure uniformity 
of action and a good finish, all abrasives should, as far as possible, 
consist of one mineral variety. 

Hardness. — An abrasive material must usually be harder than 
the article or substances it is required to abrade, though this 
statement does not apjply to some fine polishes ; it is true of all 
coarser abrasives. The harder an abrasive : (a) the more rapidly 
will it abrade materials softer than itself, (h) the more resistant 
will it be to weaf, and (c) the coarser ^nll be the surface produced, 
on account of the deeper scratches formed. 
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The hardness of an abrasive for any particular purpose should 
depend on the nature of the material to be abr§jded. Soft .materials 
such as wood, ivory, leather, etc., do not recpiire abrasive of 
great hardness, though hard abrasives may be more efficient. Hard 
materials such as steel, glass, gems, etc., require a very hard abrasive, 
otherwise the wear would be excessive and the durability of the 
abrasive would be very low. 

The most valuable abrasive materials have a hardness between 
9 and 10 on Mohs’ hardness scale, plough many other abrasive 
materials of inferior hardness are employed. Table LXIII. shows 
the hardness of the ones commonly used. 


Taklk LXIII. — Hardness of Abrasive Materials 



irardiicss 
(Muhs* Scale). 

lliainond 

10 

Carborundum .... 

9-5 

Artificial corundum . 

9-5 

Natural corundum . 

9 

Kinery 

0 

Spinel 

8 

Quartz and Flint 

7 

Carnet 

c-7-r) 

Felspar 

(>•0 


It will be seen that diamond is the hard(‘st known abrasive and, 
on account of its hardness, is used for abrading the most diffiinilt 
materials, such as glass and preiuous stones, which cannot be 
satisfactorily treated with any other type of abrasive. Carbide 
abrasives such as carborundum are the hardest artificial abrasives, 
but they arc not so hard as diamond. Artificial corundum and 
other aluminous abrasives are slightly inferior to carbide abrasive^ 
in hardness, but they are harder than the natural minerals, corundum 
and emery, and consequently are more efficient. Of the natural 
abrasives corundum and emery are the hardest and therefore the 
most satisfactory, whilst sand, garnet, and felspar are use^. for 
purposes where a softer abrasive is satisfactory. ^ 

The abrasives used for polishing, such as pumice, kieselguhr, 
tripoli, rouge, etc., are still softer, and cannot be used for grinding 
on account of their low abrasive power ; they are very valuable for 
giving a fine finish to surfaces which have been ground to a moderate 
degree of smoothness with harder abrasives^^ It is very important 
to test the hardness of samples of abrasive, especially natural 
abrasives, because tlie chemical composition pf an. abrasive does not 
necessarily prove that it us satisfactory. Thus*, compared with 
Indian sapphire, which may be represented by a hardness of 10, 
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Canadian corundum has a hardness of 9-4, whilst some American 
corundu^i has a harjiness of 5-g. 

A factor tf^ich must be carefully considered in addition to great 
hardness is uniformity of hardness. Artiiicial abrasives are almost 
always uniformly hard, as there are practiejflly no impurities present 
if the original ingredients were reasonably })ure and the process of 
manufacture has been well arranged. With natural abrasives, how- 
ever, uniformity of hardness is not so readily obtained. The effect 
of grains of varying hardne.^s is well illustrated by natural emery, 
which consists of about 50 per cent of alumina and 50 per cent of 
magnetic iron oxide. The alumina grains are poweHul abrasives, 
but the iron oxide has a very low abrasive power and so clogs 
up the other particles. Conindum is a purer form of alumina 
than emery and cemtains up to 96 pc^r (;ent or even more of 
alumina. It is consequently a more uniformly hard abrasive. 
It contains, however, a certain amount of softer material such as 
felspar, hornblcndci, mica, garnet, etc., which reduce its value, 
though not to the same extent as emery, as the proportion is much 
smaller. 

Siliceous sands do not usually act very uniformly as abrasives, 
because some of the minerals they contain are very hard, whilst 
others are much softer. This is sp(;cially harmful in fine work, 
*as a strong particle of excessive hardness may cause a deep scratch 
in a polished surface and so necessitate extensive repolishing. For 
this reason, they are not used to so large an extent as some of the 
artificial sands, which arc much more uniform in hardness. Thus, 
a siliceous sand consisting almost wholly of angular grains of pure 
quartz will be of more value as an abrasive than a less pure sand 
even though the latter may contain harder constituents, because 
it will give a more uniform abrasive action, whereas the less pure 
material ^vill be irregular, especially in polishing. 

Pumice sand or j>owder tends to be irregular in its abrasive 
qualities, on account of the presence of particles of harder minerals, 
such as felspar, etc., which scratch instead of polishing. 

Whilst uniformity of harchiess has been emphasised in the 
preceding statements, there are certain cases where mixtures of 
materials different hardness may usefully be employed, such as 
w^iere a fine finish is recpiired in one operation. The harder particles 
quicidy grind down the surface to the required extent, whilst, at 
the ^me time, the softer particles polish it ; natural emery, with 
its contained iron oxide, is an example of this, and it is very 
often preferred for precision work, such as gauge grinding, on 
account of the polishing effect of the iron oxide which it contains. 
Aluminous or carbide abrasives grind more quickly and more 
efficiently than natural^emery, but they do not give the same finish 
to the work. 

Hardness is chiefly of importance in the, case of the coarser 
particles, as fine %-brasives for pol/shing? etc., need not be so hard. 
Some have a hardness of only 3 or 4 according to Mohs’ scale and 
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arc, in fact, mucA softer than the articles or substances which they 
polish. 

It is always desiAiblo to use the Hardest ab/asive i^nsistent with 
the finish required and with cheapness. In some cases an inferior 
abrasive may be preferred to a harder one on account of its cheapness. 

Grade of Wheels, etc . — ^The effective hardness of abrasives when 
made up into the form of a wheel is termed the grade of the wheel, 
and is designated by a letter, the softest wheels being H and the 
hardest T. Wheels of grade O are the hardest commonly used, 
those such as grades S and T being efnployed for special purposes, 
such as removing the burr left by welding, the sharp lines from 
castings, etc. The grade of a wheel depends partly on the hardness 
of the abrasive and of the bonding agent, as well as on the speed of 
rotation of the wheel. Thus, a soft wheel will have the effect of 
a much harder one if it is rotated at a higher speed. 

Toughness. — The toughness of an abrasive is very important 
and has a great influence on the durability of the grains, both when 
loose and also when in the form of paper, cloth, blocks, wheels, etc. 
The toughness (apart from hardness) usually depends upon the 
internal structure of the abrasive. Carborundum has a laminated 
structure ; consequently, when groat pressure is exerted on the 
crystals, they break sharply on account of their brittleness, so 
that if used on very hard materials, carborundum crystals wear’ 
somewhat I’apidJy ; for this reason, they are not largely used 
upon materials of high tensile strength (p. 210). Highly siliceous 
materials are o]ien to the objection of breaking too readily, and 
this, combined with their comparative softness, renders their use 
somewhat limited. 

Corundum is preferable to carborundum because it is less brittle 
and does not fracture readily, but has a tough, granitic structure 
and preserves its sharp edges very satisfactorily and does not wear 
so rapidly as carborundum, Alundum, which is a form of artificial 
alumina, is one of the toughest abrasives known. 

The sudden chipping of the grains of abrasive is not merely 
inevitable, but even desirable, so long as it produces new abrasive 
surfaces to replace those which are rounded and worn smooth (see 
also Shape, below) ; it is the excessive amount of breakjigc which 
is objectionable. •’ 

Shape. — Two factors must be considered with reference toi the 
shape of abrasive particles ; (a) the shape of the original parjjcles, 
and (b) the shape of the particles after considerable use. The 
grains when new must be sharp and angular, and they must remain 
so, as rounded grains lack cutting or abrasive power. For the 
same reason an abrasive will be of little use, even if it is tough, if 
it forms rounded surfaces when worn, whereas another abrasive, 
which may be less tough, will be superior *'if the grains break at 
intervals, yielding fresh sharp edges which , continue the grinding 
operation without any chg-nge In the speed of < grinding or any 
tendency to “ glaze.” One great advantage of carborundum which 
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counterbalances its brittleness is tlic fact that when the grains break 
they yie^d sharp, ajigular poyits, so that the material reinaiiis 
perfectly fre(??^utting and does not dcteriorat*e in use. Artiheial 
abrasives are generally more uniformly angular than natural ones. 
Thus, natural emery and corundum are notf so unifortJily shai p and 
angular as artificial aluminous abrasives. 

Siliceous sands are less satisfactory than some artificial abrasives 
for grinding metals, as they tend to break with a conehoiclal fracture 
which has httle abrasive action. 

The nature of the fracture is less important if the abrasive 
material is very hard. Thus, diamond breaks with a (jonchoidal 
fracture, but as it is the hardest mineral known, its lack of angularity 
is not detrimental. For fine abrasives, composed of very small 
grains, the .latter should not be unduly angular or t hey w ill siTatch 
excessively ; they should preferably be rather globular or sub- 
angular, with numerous facets or angular faces. 

Apart from the angularity of the particles, the faces should bci 
as rough as possible, as in natural enn^ry, the grains of whi(‘h are 
quite rough. This is particularly useful where the i)articles are to 
bo made into a block or wheel, as the binder adheres more tenaciously 
to them and a much stronger mass is produced. 

One of the difficulties with artificial abrasive sands is that 
Vhilst they are angular, they have smooth surfaces, but their 
other advantages more or less counterbalaruH^ this defecst. When 
required, the surface of the grains can be roughened artificially by 
heating them with fused nitre cake (sodium hydrogen sulphate) 
and afterwards washing them free from this salt. 

Size. — The size of the abra.sive particles is important. For 
coarse grinding, the grains may be quite large, i.e. uj) to i-in. 
diameter, these giving a much greater speed of cutting than very 
small grains. For finer work, however, a material composed of 
smaller grains must be used, so as not to scratch the surface 
excessively. The fineness of the abrasive, or “ grit,” as it is usually 
termed, must in each case be decided by the material to be treated. 
Coarse particles are more pow^erful abrasives than finer ones and 
are consequently used for rough work, but they would scratch and 
spoil finer jvork. For reasons of cost, it is desirable to use as coarse 
arp abrasive as circumstances will permit, so that the work may be 
done#as rapidly as possible. 

T^e depth of cut of an abrasive, and therefore the rapidity of 
the grinding or polishing, depends largely on the size of the particles. 
Where the grains arc united to form a grinding wheel, the depth 
of cut may be as much as about one half the diameter of the grains. 
In no case would it exceed this, as when a grain jirojccts more than 
haK its diameter, it falls out so easily as to be useless. Under as 
nearly ideal conditions ifs possible, the maximum depth of cut when 
using a wheel of 80 grif^ would be 0 00 1 in. ; wi^h 24 grit it is about 
0-003 in., the particles of abrasive bliing 0-006 and 0-021 in. diameter 
respectively. When the abrasive is in the form of a loose powder, 
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the depth of cut is much less, but it cannot be accurately 
estimated. ^ • 

In centrifugal grinding wheels, the coarsest peiftiissiblo grains 
are desirable, as the grains can then be set more deeply and firmly in 
the bond, and therefore* have a deeper cutting power, and the wheel 
has a greater strength ; it can, therefore, be revolved more rapidly 
without becoming soft. 

The coarseness of the grains of abrasive affects the number of 
impacts made by the particles upon the material to be abraded in 
a given unit of time. According to J. J. Guest, a wheel consisting 
of grains whicfh will pass through a 60-mesh sieve has 1500 points 
per sq. in., though the Norton Co. give the number as 3300. A 
24-grit wheel will have, according to J. J. Guest, about 256 points 
per sq. in. 

, All the grains of an abrasive sand should, as far as possible, be 
of the same size, so as not to scratch the material which is being 
ground or polished. In some cases, however, an abrasive? may be 
required to consist of particles of various sizes, as in “ combination ” 
wheels made with a “ mixed grit.” (When the particles are the 
satne size, the term “ straight grit ” is apphed to them.) A wheel 
composed of 24, 36, and 60 grit is termed a 24 combination grit. 
It is very difficult to produce good combinations of varioTis grits, 
and the mixtures generally used are trade secrets, and are designated 
in various ways. The advantage of a “ mixed grit ” is that the 
coarse particle's grind the articles rapidly and the finer particles 
remove the scratches, polish the surface, and impart a finer finish 
than would otherwise be obtained. 

Fine abrasives for polishing should, as far as possible, be uniform 
in size, and for the finest polishes the abrasives must be very care- 
fully elutriated so as to ensure this. 

The fineness or “ grit ” of an abrasive is generally designated 
by a number which is the same as the number of meshes per linear 
inch through which the grains will pass (thus, a No. 10 grit material 
is one which passes completely through a sieve having 10 holes 
per linear inch), or by a letter such as GO or FF (see p. 224 later). 

As has been already mentioned, in selecting the “ grit ” of an 
abrasive, due consideration should be given to the purpose for 
which it is to be used. * 

Table LXIV., compiled from information supplied by some of 
the leading makers of abrasive wheels, shows the fineness rey^t'Jired 
for various purposes when the particles of abrasive are united to 
form a grinding wheel. 

In the form of a loose powder, abrasives of almost any fineness 
may be used, but the coarser particles are not usually so satisfactory 
when employed in this way. In the foijtn of wheels, abrasives 
as small as 200-mesh may be employed, but smaller grains are not 
generally desirable.. In the form of bloclrs, such as sharpening 
stones upon which the article to Ibe abraded is rubtoed, fine abrasivps 
down to those designated as FFF may be used. 
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Table LXIV. — Size of Abrasive Crains for orinoinc variois 


^ Materials 

(71^ figures are the grit size, as deliiied on p. 2 IS) 


Purpose. 

-Vlunduni.' 

Cry.sfolon.' 

Carborundu»n.“ 

Ihnery.* 

Emery. ^ 

I'.mery.' 

At?rl(!uJtiiral iniitlt'- 







inents, eduinKs 




1(5-20 

1(5-21 

10 

Alumitiiurn (^astin^s. 







KrlndinK . 

Axles, BrindinK ends 


20-21 

1(5-21 










of 

surfaeinB 



j 1(5-20 1 

20-3(5 

20-3(5 



Bolts, flnishinB heads 







of . . . 




3(5- 16 



Brass eastiiiBs, lai'Be 


20-21 

1 ( 1-21 

1(5-24 

j 1(5-30 

30 

small 


21-3(5 

21-3(5 

30-3(5 

flnishinB 

BrUjk, tire- 


1(5-20 

IMO 

(50-100 



])ressed . 

BrI d«e work ( wroi i q lit 


10 20 

14-1(5 




iron), jointinq . 




1 (5-20 



Bronze eastlnqs 


2(i-3(5 

2(i-30 

20-30 

1(5-30 

20 

Car boxes (brass) . 
Carriaqe. hubs, rim 




30-3(5 



bands of . 




30-10 



Cast iron east inqs, 







larqc 

M )-20 

1(5-21 



1(5-21 


small 

rouBhinq 

24-:{o 

20-30 

l(5-’24 




flnishinB 



(50..S0 




surfacinq 

20-10 

1(5-30 

1 (5-24 

1 (i-3() 



Chilled iron eastlnqs 

20-30 

20-30 

20-24 

20-30 

1 (5-24 

io 

Conpllnqs, car . 
Cylinders, east iron 

21 comb. 

3(i-K5 

24-(50 

11-20 



Dental in.stnimenls 
Dies? chilled iron . 


20-30 

24-(50 

40-100 



steel 

surfacina 

3(i-f)0 


30-3(5 

2(.i-40 

3(5 


Drills, twist (hand) 

4<i-(‘.0 


46-(50 


4(5-(5() 

16 

(macliine) 

3<5-()0 


IO-.'.(» 

l(i -()0 

3(5-40 

10 

Drop forainqs . 

20-30 


20-3(5 

20-30 

1(5-24 

30 

Files, cdqlna . 

Froqs, qrindinq 

14-1(5 


24-30 

30-00 



(xeneral macliine 







shop qrindinq . 



20-30 

20-3(5 

21-30 

30-3(5 

German .silver . 

Glass, rouqli edqe 




HO- 120 



arindiiiq 



100-120 




finish edqe arindinq 
Guards, polntinq and 



200 - FFF 




sharpeninq 




21-30 



Hammers, cast steid 

3(1 



30-3(5 



Hlriqes and butts . 
Holiow-ware, inside 




20-30 



grlmllnq* . 


30 


30 



thin edges . 
Internal grindinq, 


21 


20- 30 

21- 4(5 
00-100 



roughing . 
flnrshing 

Knlvv^ general 
leatiftr shaving . 

66 


r*(i-7o 

36-60 



„ splitting . 

24-30 



66 



mower, sharpening 
moulding bits, etc. 

46-60 


3(5-ho 

10-00 



planer (machine) 

30-40 


20-3(5 


24-30 

36 

„ (liand) 

4(5-60 


SO-.’iO 




paper (machine) . 

36-40 


202-203 

36-’30 

21-30 

30 

reaper, sharpening 

36-(K) I 


24-'3{t 

40- (50 



sliear 


3(5-00 



shoe 

00 



70-00 




* Norton Co.’s rocoraAenclatlons. ** CarljKwnindinn C’o.’h rec.oininemlHtions. 

* Safety Emcrv Whnel Co.’s reeoniincndatloiis. * AiiM^rieiui Emory Wheel Workers’ 'J’able. 
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Table LX1V\ — Continued 


» , i 


Puri)osc. 

Alundum.* 

Crystolon.' 

( 'arbor undum.* 

Emery!^ 

Emery.* 

Emery.® 

batlie centres . 

Lawn mowers, 

41)- 120 


60-80 ■ 

00-80 



sharpeninK 




30-00 



Mallenblo iron cast- 







ings, laTKc 

14-20 

10-20 

12-10 

10-20 


16 

small 

20-;f0 

20-30 

10-24 

24-30 


20 

Marble, coplnf? 


30-40 

r . . 



ilnishln^ 


laO-K 

180-1<’F 




muuldluK 


4 





roiiKhlng 


16-10 

40-.50 




sawing . 

Milling cutters 



30-40 




(machine) 

(liand) . 

40-1)0 

40-00 


I 50-80 


46-80 

00 

46 

nigh speed steel . 
sharpening . 



00-100 


40 


Ni(;kel <;astings 

Pearl grinding, 

20-2 i 

20-24 

20-21 




rougliing . 


30-50 

30-50 




tlnlsliing 

Plougli bodh'S (<*ast 


100-15(1 

100-150 




iron), Hurfaeing 
(chilled iron) 


24 

10-24 

21)- 30 

10-21 


(steel), jolrding . 

20-2 1 



20-24 



(steel), surfacing . 

10-21 


10-24 



20 

points (chilled iron) 


20-30 



1 0-24 

20 

Porcelain, rougliing 


30-50 

40-50 




Pulleys, surfacing . 


30-30 


30-30 



Radiators (cast iron), 







edges 


24-30 


20 



Razors, grinding and 







concaving 

40-120 


70-100 

70-100 



Reamers (hand) 

40-00 


I 50-80 


J 46-00 j 

'■40 

(machine) 

Rods (Iron or steel), 

40-00 



00 



ends of 




20-30 



Rolls (cast iron), wid 







(chilled iron) . 

2 1-20 

24-30 

24-30 




roughing 


30-40 

30-40 

30-40 

30 


finishing 

70 

70-80 

00-80 

00-100 

00 


Roughing generally 
Rubber, hard . 
soft 

1 .-lo-.oo 

30-50 

1 30-50 

r 20-30 

20-30 

16-30 

1(> 

Sad irons, edging 




20 



finishing 


8()-'l20 

l2()-’l50 




roughing 


20-30 

20-30 

20-’30 



Safe work 

bawa (cold), cutting 

10-'40 



10-20 


io 

off . . . 

00 


50-80 




gumming (heavy) 

„ (light) . 

1 3G-r>0 


301-305 

403 

} 40-00 

30-00 

30-40 

sharpening . 

^ 30-50 


301-305 

40-00 

3S-00 


circular, surfacing 
Scale removal from 




30-00 


• 

soft steel , 




20-30 


c • • 

Screws, finishing 







iieads of , 




36-40 



Shears (cast Iron), 






shoulders on 



00-100 




Shoe la.sts, bottoms 







and edges of , 




30 



Sliovels, edging 

24 


12-10 

20-30 



Springs, spiral, ends of 

10-20 



40-00 



waggon ends of . 

20-30 



30-46 



Steel castings (large) 

12-20 


10-10. 



if) 

(small) . 

20-30 


10-20 • 





^ Norton Co.’s rocoinmcndiitions» * Carborundum Ob.’s recommendations. 

• Safety Emery Wliecl (’o.’s recommendations. * American Emery Wlieel Workers’ Table. 
‘ Sterling Emery Wheel Manufacturers' recommendations. 
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'rABLK LX 1 V.—Cont i n ucd 


-I - - . 


I’urpoao. ' 

Alundum.' 

Crystolon.' 

earborundum.- 

Kmery.^ 

Kmery.* 

Kmery.‘ 

Steel eastings — rnntd. 
hardened (eylin- 

40-f>i> \ 


30-00 




drical) 

hardened (siirfae- 

lit comb. 1 





ing) . . . 







manganese . . 

lti-4G 


io 


24-30 


sheet, edging 

4()-«0 

24 comb. 

». 


10-3('> 

1 1 i-omb. 
.'.1 


soft (cylindrical) ■{ 

1 

1 


1 

■ • 1 

1 

) • • 

,, (surfacing) . 

2i-;h) 



20-30 



structural 
tempered (cylin- 

n5-21 




1 0-20 


drical) 

temixTcd (siirlar- 





30-00 


ing) . 




30-40 

24-40 


Stove castitigs . 

2(i-:i() 

2(i-:{r. 


20-30 



holes in 




30- 10 



edging . 




30-10 

I>l» 

.30 

mountings 




21-30 

20-30 

20 

Surgical instrumenis 
Switches, manga lu'sc 



10-100 




steel . 

1 I-U5 






'I’aps .... 

4('.-(Ul 




ld-«i0 

id-’oo 

Tools, high sp('cd . 




21-'30 

24 


general . 

2b-;{0 






hardened 




80-120 



lathe 



2l-:t0 

20-10 

3(i-’40 

30 

1 machine (roughing 




20-30 



moulding cutlcu's 




40-00 


40-00 

plam-r . 



21-30 

20-10 


30 

sharpening . 




00-101) 

40-100 


smjill 



30-80 


00 

.steel 



21-30 




„ (line) . 



80-120 




woodworking 

4r>-i(i() 




id 

id 

Tyres, steel 




2()-30 



Universal grinders . 
Wagon wi)rk, wn night 




00-80 



iron . 




20-30 



Wheels, car (cast Iron) 


ui-2i 

1 1 l-’M ^ 

10-24 

1 

10-20 

(chilled iron) 

20 

1 0-2 1 

i 1 “ 1 

10-20 

1 • • 

Wire, steel, ends of 

:h).so 



70-00 



Wrought iron . 

12-20 


j id-*2i 

10-24 

ld-’24 

id 


‘ N^ortoii (’d.’s ri!('()iijnu*n<lat.ioiis. '•* Carltonmdiiin Co.'s nMomiucndiitimis. 

* Safety Eiucry Wlu'cl Co.’s rei oiiiinoiKlnl ions. * American EiiK'ry Wheel Workers’ Table. 
* St('rlin^? Kinery Whei>l Manufacturers' n'eoninnmilatioJis. 


In abrasive clothf! and papers the sizes of the grains are generally 
used within the following limits : 

* Emery paper EF to 24-inesh. 

,, cloth . . „ 24 „ 

Carborundum paper 20 ,, 

,, cloth ,, 40 ,, 

Garnet paper for woodwork . ,, oO 

,, cabinet work . ,, 20 

Sand paper F to 20 ,, 

In considering the Aze of particles usetl for polishing, it must 
be remembered that, a| has been shown by Beilby, there is a great 
difference betweeli the action of* extremely minute particles of 
ultra-microscopic size (such as rouge) and the much larger particles 
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of the finest emery or other well-known abrasive. The latter 
produces a smooth, surface by direct abrasion, i.e. by iremoving 
the projecting particles, but the minute particles #1 rouge are of 
almost molecular fineness and so give a molecular contact simul- 
taneously over comparatively large areas. Consequently, the 
particles of rouge seize those of the material to bo polished, and 
something like a continuous sheet of molecules is set in motion. 
This sheet behav<\s precisely like a viscous liquid, filling up the 
hollows and furrows left by previous abrasives and covering the 
material with a skin of solidified liquid which is precisely compar- 
able to a coating of varnish or enamel. 

It is almost impossible to reduce any crystalline grains of sand 
to the almost molecular minuteness of rouge, though amorphous 
silica has somewhat similar properties ; hence the superiority of 
some gelatinous forms of silica over quartz in tlu? production of 
a fine ])olish. 

Sources of Abrasive Sands. The sources of supply of natural 
abrasive materials siu^h as emery, corundum, pumice, (*tc., have 
been fully dealt with in \V)1. T. ( 'ha})terl 11 . under these various names. 

Most of the artificial sands used for abrasive purposes arc made 
where electricity is cheap, c.f/., w'h(‘re it can be generated by water 
power, as in Noi’V'ay, South France, and in America. 

Siliceous abrasive sands are obtained from various sources, 
e.(j. the Ticighton Buzzard sand is used for sand-blasting, and the 
quartz and (dicrt gravels are used for grinding metal and plate 
glass. The sand at Codstone is sometimes us(m 1 for scouring 
purposes, whilst the Rrugate sand has been used in London for the 
decoration of glass, ebiefly by sand-blasting. Lynn sand is used 
to a fairly large extent for making scouring soap, as are also some 
of the Glacial sands of Ijancashire. Sand dredged from the bottom 
of the Mersey is sometimes used for grinding glass. 

Various crushed stones an^ also used in soaps, e.g. the Appin 
quartzite (T. Lh)) found near Kentallen, Argyllshire, and the 
white sandstone belonging to the Carboniferous Limestone Series, 
near Mold, in North Wales. Ground Gornal stone (I. 154) has 
also been used for scouring purposes. 

Selection of Abrasives. — ^The selection of an abrasive^ sand can 
usually be made the subject of a fairly (h^finito specification, whibh 
should include the various properties mentioned on p. 210, particular 
attention being paid to the composition or nature of the if/ains 
(p. 212) and to their shape (p. 216) and size (p. 217). 

When selc(;ting an abrasive which is to be used in the form of 
a powder, it must be remembered that in this form an abrasive 
will give a coarser finish than when the same size grains are use4 
on pajx^r, whilst if the grains are united to form a wheel, a still 
finer surface, increasing with the speed oi rotation, is obtained. 
Consequently, when, a certain s^e of grains* gives the best results 
when used in the form of a loose powder, a muclf coarser size may 
be used if the abrasive forms part of a grinding wheel. The other 
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properties 6f the sand remain the same, no matter whether it be 
used loosp, mounted on cloth pr paper, or coi^paeted into a block 
or wheel. * ^ * 

Preparation of Abrasive Sands. — The preparation of sands for 
use as abrasives usually eomprist's one or mortj of the following 
methods of treatnjent : (1) crushing and grinding, (2) cleaning, 
(3) grading, and (4) drying. 

Crushing and grinding. — Unlc'ss they occur naturally in the 
form of a sand, abrasives ij.sually require to Ix^ crush(‘d to the 
requisite fineness. The material is first reduced in a |)riinary 
crusher such as a jaw-breaker (I. 347), gyratory crusher (1. 3o0), 
or other suitable machine (1. 352-359), and afterwards in a 
fine-grinding machine (I. 363). Although it is not economical 
to omit the preliminary crushing, some linns reduce the abrasive 
directly in edge-runner mills (1. 374) to particles about i in. 
diameter, when the fine powders are not recpiired. Such mills 
need to be specially strong and tlu* pan construc-ttxl of jiuinganese 
steel to withstand the very great wear and t(‘ar to which th(‘y are 
subjected. Where the abrasive is to be reduced to a very fim; 
powder, ball mills (I. 365) or tube mills (T. 369) may be used, but 
at present they are not employed to any great extern t in the*, abrasive 
industry. 

* The best and most economical method, if the material is to be^ 
reduced from large masses to the finest powder, is to us(‘ a preliminary 
crusher to break up the masses of abrasive to pie(;es about 2 in. 
or less in diameter. An (Hlge-runner mill should then be uscxl to 
reduce it to a coarse powder and a ball mill, tube mill, or roller 
mill to finish the grinding. For preparing diamond dust, a mortar 
and pestle are used, as the amount of Jiiaterial to be treated is very 
small. 

Cleanimj, — Abrasive sands may be cleaned in various ways 
according to the nature of the impurities present which need to 
be removed. Natural abrasive sands may be washed in a stream 
of water (I. 384). Where minerals are pn^sent whitdi (;annot be 
removed by simple washing, a concentrating table may soim^times 
be very satisfactorily employed, (brundum and emery are freed 
from heavy ferruginous impurities by this means. 

• Electromagnetic cleaning (I. 428) is often useful, as in the 
case*of corundum, emery, and other aluminous abrasives, from 
which^much of the iron and magnetite may be removed by this 
treatment. 

Chemical treatment is sometimes desirable to removci harmful 
impurities. Thus, carbide abrasives are treated with sulphuric 
acid to remove any iron oxide whicjh may be present ; this treat- 
ment is followed by a thorough washing and drying. (Corundum 
crystals are sometimes^ heated to bW G in conta(;t with fused 
nitre cake. This dissolves some of the inipurit^s present and also 
roughens the surface of the crystals, &nd so renders them more 
effective and more easily bound together if they are to be used 
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in the form of blocks, wheels, discs, etc. The treated material 
must be thoroughly jvashed and dritvl before uge. ^ ^ «. 

Grading . — Abrasive sands down to 200-mesh/ are generally 
graded by means of screens (I. 441), the coarsest powders being 
separated by means of perforated steel or phosphor-bronze gauze, 
whilst the finest particles are screened through a silk lawn or very 
fine sieves of phosphor-bronze. Inclined and flat screens are 
generally employed (1. 442) for this purpose, though revolving 
and vibrating screens (T. 449) are ^also used to some extent, 
the screening being effected either with or without the use of water. 

Sands down to 200- mesh are usually separated into twenty 
sizes, which are designated by the number of meshes per linear 
inch through which the i)articles will pass. The screens used have 
the following meshes per linear inch : 6, 8, 10, 12, 14, 16, 20, 24, 
30, 36, 40, 50, 70, 80, 90, 100, 120, 150, 180, and 200. Thus, No. 6 
abrasive is an abrasive consisting of particles which pass through 
a 6-mesh screen, but retained by an 8- mesh screen. Fine abrasive 
powders (smaller than 200-mesh) arc graded by means of elutriation 
in a suitable liquid. Various methods of elutriation are described in 
Vol. I. p. 391, but the one most commonly used for abrasives consists 
in washing the finely powdered abrasiv(5 into large vats in which 
it is allowed to stand for varying lengths of time, and separating, 
it according to the time taken for it to settle. Emery which settles 
in 30 min. is known as “ 30-min.” ejnery ; that which takes 
60 min. is known as “ 60-min.” emery, and so on. 

It is possible by careful working to produce very uniform 
abrasives up to 60-min. powders, but beyond this the grading is 
not so good. 100-min. j)owder is not so uniform as the coarser 
ones and contains much coarse material, as well as a certain amount 
of almost impalpable powder, so that lOO-min. material is not 
much more useful, if any, than 60-min. powders. 

The settling tank is generally about 3 ft. deep, but this is not 
always the case, so that it is impossible to say just how line a 
particular consignment of 30-min., 60-min., etc., emery will be. 

The fine particles separated by sedimentation are also designated 
by letters such as F, FE, EFF, FFFF, and by numbers such as 
0. 00, 000, and 0000. 

Water is generally used in grading fine powders such as emefy, 
but for the smallest particles of carborundum, alcohol must be 
employed, as the fine particles of carborundum entangle air b^jbles 
which prevent some of the coarser ones from settling, and thus 
cause them to contaminate the finer parti(;les. 

Diamond dust is graded by mixing it with oil and allowing 
it to stand for varying lengths of time, the material which has 
settled in each case btung collected. The grades of diamond dust 
shown in Table LXV. are produced in this way. 


[Table 
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'Pablk LXV. — Grades of Diamond Dust 


f’itnc of Settlement. 

• 

Grade Xo. 

6 minutes . 

• 

0 

10 

1 

30 

2 

1 hour 

3 

2 hours 

4 

10 f . . 

5 

Remainder 

G 


Air separators (I. 466) may be used for grading the finest 
powders and separating them from coarse material, though they 
are not used to any large extent. 

Drying . — Abrasive powders are separated fi*om wat(?r and dried 
by various methods. Coarse powders are allowed to si^ttle, the 
water is decanted off, and the material dried artibeially. Fine 
powders are sometimes allowed to settle and drain in largo vats, 
but the process is slow. The usual method is to drain off as much 
water as possible and then to heat the residue so as to evajiorate 
ihe remainder of the water. Other methods include centrifugal 
drying (T. 407) and vacuum filters (I. 405), but these have not Ixhui 
widely used. 

Testing Abrasive Sands. — Tlu^ luincipal tests to be applied to 
sands used for abrasive purposes are as follows : 

1. Chemical analysis (I. 237) to determine the composition of 
the abrasive and of any impurities present. 

2. A microscopical examination (I. 241) to detctrmine the 
composition, shape, and size of the i)articles and the nature of 
their surfaci^s. 

3. A hardness test (I. 209). 

4. A mineralogical examination (T. 256) to fU^termine the 
proportion and nature of any heavy minerals, et(!., is sometimes 
necessary. 

5. A sizing and grading test (I. 246) to determine the sizes 
of Jbhe various particles. 
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CHAPTER XIV 

THE USE OF SAND IN EXPLOSIVES 

Some sandy materials are used as absorbents in the manufacture 
of dynamite and other nitroglycerine explosives. Nitroglycerine 
is a liquid and a very dangerous explosives which cannot be handled 
safely when alone, but if it is absorbed into some porous mat(5rial, 
the product is a solid explosive which can be handled with com- 
parative safety. 

The sands chiefly used for this pur])Osc are : (a) sand, (/?) brick- 
dust, and (c) kiesclguhr or diatomaceous earth. kSiJiceous sand and 
brick-dust are not really satisfactory, as they have only a small 
capacity for absorbing and retaining the liquid (explosive ; since both 
these materials consist of solid particles of little or no porosity, the 
power of absorption of sand and bri(5k-dust is limited to the voids 
or interstices between the particles. Mica has also been used in 
Spain, but for the same reason this only holds a small percentage 
of nitroglytterine. 

Kieselguhr, on the other hand, consists of extreiiK'ly porous 
particles, and so is able to absorb thr(a> times its weight of nitro- 
glycerine without becoming damp to the touch. Randanite, 
another form of diatomaceous earth, has also been used as an 
absorbent, in Prance. 

The properties of an absorbent for explosives should be as 
follows : 

Chemical Composition. — ^The sand or equivalent should be as 
pure as possible, but a little impurity is not harmful. It is, however, 
desirable to ignite the sand before use, so as to destroy as much as 
possible of any organic matter which may be present in it ; this 
treatment also increases the absorptive capacity of the material. 

Forositi/.— The sand or other material should be capable of 
absorbing three times its weight of nitroglycerine, and when the 
saturated material is pressed, the liquid should not be squeezed out. 
Kieselguhr is the only material which properly fulfils this specifica- 
tion ; sand and brick-dust are far inferior to it in this respect. 
The great porosity of kieselguhr and diatomaceous earth is duo to 
each individual grain being itse’f porous and skeletal in character, 
as distinct from the solid grains in other materials. 
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PREPARATION OF KIESELGUHR 

Size of Iktrlicles. — ^Tlie sand or other material should (consist of 
very small particles and should leave no residue on a 30-mesh sieve, 
as the prelence^)f any toarse grit may cause abrasTon and prematurely 
explode the nirfoglycerine. The grains should be rounded and as 
uniform as possible in size, as this will ensuro^a material of maximum 
porosity between the grains. 

Dryness. — ^The material should not contain more than 0 5 per 
cent of water, as moisture fills some of the pores and so reduces 
the capacity for absorption. If necessary, thi^ material should be 
dried before use. * 

Sources. — Common sand and brick-dust may be obtained in 
almost any locality. The occurrence of kieselguhr is des(!ribed 
in Vol. I. p. 00. 

Preparation of Kieselguhr. — ^The v’^arious stages in the preparation 
of kieselguhr for usi; as an absorbent are as follows ; 

1. (.akanation to burn off any organic matter. 

2. Criuding to required fimuiess (T. 303). For this purpose, 
crushing rolls are usually employed. 

3. Screening to remov^e coarse particles (T. 441). 

4. Drying by artificial heat (1. 408). 

Sand, brick-dust, or other materials which may be used may 
not need to bo calcined, but otlu'rwise the mode of preparation is 
the same. 

Tests.---Th(5 following tests should be applied to kieselguhr or 
other mat(‘nal to be used as an absorbent for nitroglycerine : 

1. A cleanness or elutriation test (I. 252) to ensure the absence 
of dirt, clay, or other objectioruible impurities. 

2. A sizing or grading test (T. 240) to determine the sizes of the 
vjirious particles. 

3. A microscopical examination (I. 241) to show tln^ sha|)e of 
the particles. 

4. A moisture test (1. 238) to ascertain the percentage of moisture 
present. 

5. A porosity test (T. 201) to show the amount of explosives which 
can bo absorbeel by the? material. 

6. A chemical analysis (I. 237) is .seldom necessary. 



CHAPTER XV 

MISCELLANEOUS USES OF SAND 

Tiikre arc many uses of sand in addition to those previously 
mentioned. In some of these the nature of the sand is of little 
importance, except where su(;h properties as fineness, roundriess of 
grains, etc., arc (essential. It would be difficult to compile a list of 
all these various uses, but some of the principal ones are given in 
the present chapter. 

Absorbent. — Sand is sometimes used as an absorbent of acids 
and other corrosive liquids. The properties which it should then 
possess arc the same as those described in Chapter XTV. Befoui 
the invention of blotting-paper, fine rounded grains of white sand 
were largely used for the same purpose. 

Annealing.- -On some occasions, where v(‘ry slow cooling or 
annealing is essential, the hot articles may be covered thickly with 
sand, which then prevents the heat from escaping rapidly from 
them. Almost any kind of sand may be used, Init it should be 
fairly fine and dense. 

Ballast in ships often consists of sand. It ruiod not consist of 
any particular quality, though a saleable sand is always preferable 
to one of no commercial value, as in that (jase the price realised may 
contribute to the cost of running the vessel. 

Coking. — Sand is sometimes added to the coal charged into 
retorts or coke ovens in order that it may combine with any bases 
which may be present. For this purpose the sand shonld be very 
fine and as rich as possible in silica. The purity of the sand is .not 
of great importance if sufficient free silica is present. Thq sand 
raises the melting point of readily fusible silicates in the coal, and 
in this way prevents excessive corrosion of the oven- or*^^retort- 
walls. Its value is, however, very small in comparison with its 
disadvantages. 

Erasers. — Sand is sometimes used to erase marks of various 
kinds ; this use is only a form of abrasion, the use of sand for which 
is described in Chapter XIII. 

Filler. — Sands of various kinds are ci^tensively used as fillers 
or extenders. In some eases ‘'they are merely cheap diluents or 
adulterants, as in the well-known, yet largely imaginary, admixture 

m 
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SUNDR.Y USES OF SAND 

of sand with sugar ; in other cases they serve to spread *a particular 
material, such^s a p;jint or cement, over a larger area, and so use 
it to better adii^antage. For these purposes the sand should be 
white or almost colourless, and the grains.should b(^ very small ; 
they should readily pass through a 200-m(‘sli sieve. Tht^ chemical 
composition and most of the physical properties are of minor 
importance, though rounded grains are usually preferred to smooth 
ones. Very fine grinding is usually an essential feature of the 
preparation of the sand for iwe as a tiller. See also Paints {below), 
Soap (p. 230), Roads (p. 60), etc. 

The use of sand for hlling up holes in the ground, in rocks, 
disused mine workings, etc., scarcely needs more than a bare 
mention. 

Friction sands are used on tram cars, locomf)tives, etc., to enable 
the wheels to grip the rails. For this purpose, the sand must be 
very hard, so as not to break uiuh^r the great load j)laced upon it. 
It should c:onsist of angular particles of apfU'oximately uniform 
size, so as to give a maximum grip, and should be as dry as ])ossible, 
so as to form a thin even coating when dropped on to the rails. 
Sand is also used to creatt^ friedion between belts and pull(\vs and 
in various other ways, some of which are largely undesirable. 

• Hour-glasses, and those used for timing the boiling of eggs, 
contain sand, which runs from the upper container to th(‘ lower 
one when the glass is inverted. For this purpose, tlie sand must 
be fin(5 and (ionsist of round grains which will roll over one another 
and not adhere to each other in the s»nall opening connecting the 
two vessels. The grains should be uniform in siz(^. 

Paint Manufacture. — Sands are (unployed in paint manufa(;ture 
in three wws : (a) as fillers, (b) in pigments, ancl (c) for decorative 
2 )urposes. As a filler, finely ground sand or kieselguhr is often 
added to paints to increase their bulk. It also s(?rv(\s to extend 
the colour and use it to better advantages, as well as to modify it 
and so produce effects not otlKU-wise obtainable. I'or use as a filler, 
the sand must be extnunely hue, leaving no residue on a 200-me8h 
sieve. The finer it is the better will be the nssultant paint, as the 
filler will remain longer in sus[K^n.vion. Rounded grains are prefer- 
able and rAder the fiaint ea.sy- working. 

*Sand or kieselguhr is an ingredient in mixtures used for pre^iaring 
certatn pigments such as ultramariiu^, cobalt blue, smalt, etc., as 
dcscrilgjd in Chaiiter X. 

Sands may be added to paint where a stone-like surface is 
required, or the sand may be sprinkled on after the paint has been 
applied. Sand is sometimes siirinkled over black varnish to give 
a rough sandy effect on a black background. 

The sand used for pj^ts should depend on the effect required ; 
this will determuio the fineness or coarseness of the sand and also 
its colour. The sand should not bc^ contaminated by any material 
which will be deleterious to the colour* of the paint. Rounded 
particles are preferable to angular ones, because they will give a 
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greater covering power to the paint as the grains roll over each 
other more readily/ * ft* 

Rubber is sometimes adulterated with kieselguhi* or amorphous 
silica to increase its bvlk. For this purpose, high porosity, light- 
ness, and extnune fineness art^ the desirable features, so that the 
sand does not affect the properties of the rubber. Some abrasive 
rubbers may have rather coarser material in th(‘m. 

Sand seals in kihis, producers, et(^, consist of chamicls filled 
with sand, in whicdi a sheet or slak slides or is fixed so as to 
prevent any heat or gases passing out of the structure. Sand is 
used instead of a liquid because it so readily withstands a much 
higher t(^mperature. For this j)urpose, the sand only requires 
to be r(?fractory, fine?, and preferably round -grained, so that any 
ruts in the sand made by the moving sheet may be immediately 
filled up by the sand grains rolling into it. The r(>fractoriness 
must b(^ greater than the maxiinnm temperature of that part of the 
kiln, fimuiee, or producer, so that tlie sand will not sinter or fuse> 
when the seal is in use. 

Soap sometiiiK's contains a large proportion of sand, pumice, 
kieselguhr, or other abrasive material, which greatly facilitates 
the use of soap for scouring purposes. The sands used for this 
purpose and tluar properties are described in Chapter XTIl. on 
Abnmve Sands. The sand must be extrenudy fintdy ground and 
the grains should be sub-angular and not rounded. C^oarse particles 
must be se[)arated (])referably by means of an air separator), as 
coarse grit is extremely harjnful. 

Water softening has been effc'cted by the use of glauconite sands, 
which occur in the Greumsand (I. 1 Hi) and nc'ighbouring formations. 
The only desirable feature in sands for this [mr|)oso is as high a 
content as possible of glauconite. In most easels, other substances 
are preferable for softening water. 

Woodworking, — Sand is sometimes used to fill defects in the 
surface of wood before^ painting or ))olisliing the latter. For this 
purpose the sand is mixed with a suitable adhesive, such as linseed 
oil. The sand should be of a suitable colour, depending on the 
nature of the wood, and extrcunely fine so as not to produce a rough 
surface. Tn most cases a softer material, such as wliiting,^ is 
preferable. 
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Anorthil-e, i. 184, 208, 231 
Anthophyllite, i. 180 
Antrim — 

Bann clay in, i. 82 
blown sand in, i. 83 
glass sand in, ii. 195 
granite rocks in, i. 3 
shore sand in, i. 77, 157, 168 
Antwerp, water filters at, ii. 180 
Apatite, i. 199, 208, 209, 224, 231 
action of^cid on, i. 205 
Ayertures in screens, ratio of, i. 402 
Apothorpo, Iilstuarine sands at, i. 59 
Apparent density of sand, determina- 
tion of, i. 259 
density of soil, ii. 172 
specific gravity, i. 221 
Appin quartzite, i. 39 
Appleby, Permian beds at, i. 51 
Apsley Guise, Greensand at, i. 04 
a-quartz, i. 173 
mversion of, i. 230 § 

Aqueous action on rocks, i. 9, 11 
Aragonite, i. 190 § 

Archean sands, i. 381 
Archimedean screws for de-watering, 
i. 403 


Ardara, shore sands at. i. 77, 157, 
158 ; p. 195 
Arenes, i. 80, 130 
Argillaceous sand, i. 80 
Argyllshire, silica rocks in, i. 39, 40, 
82 ; ii. 222 
Arizojia ruby, i. 1 1 1 
Arizofia, tungsten -bearing sands in, i. 
100 

Arkoso, i. 15 

Armthor[)e, Binder sands af, i. 56, 
131 ; ii. 112 

.Arrangements of plant, i. 408 
Artificial moulding sands, ii. 114 
samls, i. 1 

as abrasives, ii. 209, 210, 213, 215 
in brick-making, ii. 4 
in concrete, ii. 25 
in mortar, ii. 49 
in plaster, ii. 57 
in refractory bricks, ii. 152 
in rtdractory cemerds, ii. 157 
stone, sands for, ii. 19 
Arundel, I-^.ocene beds at, i. <)0 
Asbolane, i. 107 
Asbolite, i. 93 
A.sch, W’. & I)., i. 174 
Ascot, Eoi'cne IxmIs at, i. 70 
Ash, Bagshot beds at, i. 70 
.Ashbourne, Bunter beds at, i. 54 
Ashdown sands, i. 01, 121; ii. 194, 
195 

Ashes, use of, ii. 4 
Ashford, Greensand at, i. 03 
rottenstone at, i. 44 
Ashgrove Loch, .silica rocks at , i. 45 
Ashley, i. 215 

Ashtead, Reading beds at, i. 09 
Ashton, W., i. 25 

A.shurstwood, Hastings .sands at, i. 
61, 110, 121 ; ii. 3 

Asia 

loess in, i. 31, 160 
.sand dunes in, i. 20 
Asia Minor, bole in, i. 84 
A.skharn-in -Furness, pocket sands at, 
i. 43, 136 

Asphalt-concrete roails, sand for, ii. 
07 

-mastic roads, sand for, ii. 09 
paving blocks, ii. 09 
roads, sand for, ii. 05 
Asphaltic sand, i. 80, 82 
Athabasca River, oil sands near, i. 131 
Atherstone, Permian beds at, i. 52 
quartzite at, i. 40 

Atmospheric agencies, action of, on 
^ rocks, i. 9 

a-tridymite, i. 173 

Attrition, effect of, on shape of sand 
arrains. i. 219 
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Auchenhoath “ rotten ” rock, i. 45, 
131, 150; ii. lOli 113 
Audlom, Lias at, i. 57 
Auger drills, i. 298 

Augito, i. 3, 4, (), 179, 189,«204, 208, 
209, 224, 231 
jiction of soda on, i. 204 
Australia 

gem sands in, i. 113, 114 
gold |)la(!ers in, i. 117 
tin -hearing sands in, i. 104 
Austria, standard sand in, i. 103 
Automatic feed<MS for grinding mills, 

i. 382 

Auvergne, palagonite tnlT in, i. 106 
pozzuolana in, i. 130 
Aventurine, i. 177 
Avery, W. & T., i. 320, 474 
Axinite, action of acid on, i. 204 
Axmouth, Keuper beds at. i. 53 
Aylesburv sand, i. 57, 05, 110, 118, 
119,201,435; ii. 3. 90. 91, 1.37, 
194, 190 

Aylosford sand, i. 110, 118, 119; ii. 
3, 137, 194, 195 

Ayrshire sandstones, i. 41, 45, 131, 

151 

shore sands, i. 20 
Azores, j)ozzuolana in, i. 130 

Backing sand, i. 81 ; ii. 77 
clay in, ii. 1)5 
size of grains in, ii. 107 
Baeteria, actiofi of, on rocks, i. 18 
Bagging sands, i. 473 
Bagshot bed.s, i. 00, 70-72 ; li. 100 
Bagshot sands, i. HI 

agricultural value of, i. Mil ; ii. 
105 

minerals in, i. 180, 181, 188, 204 
use of, as moulding sand, i. 131 ; 

ii. 112 

for brick-making, i. 82 ; ii. 0 
for building purposes, i. 82 
for facing i)ricks, ii, 7 
for furnace hearths, ii. 137 
for glass-making, i. 82 ; ii. 194 
Bahia, carbonado at, i. 91 
Bakewell Moor, rottenstono on, i. 44 
Balgownie Links, dune sands on, i. 
217 

Ball mills, i. 305-309 
for wet grinding, i. 381 
Ballast in ships, use of sand as, ii. 
228 

Ballater, kieselguhr at , i. 97 
Ballycastle — 

bastard ganister, i. 1^7 
sand, i. 49, 77, 83, 157, 158; ii. 
195 

sandstone, i. 50, 107, 154 


Ballyphetrish, shore sands at, i. 157, 

' 158 , . • 

Hallyvoy, ganister at, i. 107 
Hamburgh, blown sands at, i. 77, 83 
Hainford, Thanet sands at, i. 104 
Hampton, silica rock at, i. 46 
Hanbury, Kstuarine sands at, i. 59 
Lias at, i. 50 

Hanffshire, glacial drift in. i. 75 
Banka, tin-bearing sands in, i. 104 
Haifa clay, i. 82 

Hanstead, Heading beds in, i. 09 
Thanet beds in, i. 07 
Bar and cage disintegrator, i. 355 
disintegrators, i. 352 
-riddles, i. 440 
-screens, i. 445 
Barbados earth, i. 90 
Barium compounds in sands, i. 193 
silicate, melting point of, i. 193 
Barlborough, Bermiaii sands at, i. 51 
Barnstaple, silica rocks at, i. 40 
Barnt (Ireen, tpiartzite at, i. 40 
Barnton, sandstones at, i. 42 
Barrow-in-Furnc‘ss, glacial sands at, 

i. 76, 131 ; ii. 11 1 
Bars, sand, i. 30 
Barton heels, i. 00, 70, 72 

•sands, i. 72, 82 

Barytes, i. 193. 208, 209, 224, 231 
Basal cement, i. 143 
(bit, i. 47, 142 
Basalt, i. 3, 0 
weathering of, i. 14 
Basic sands, i. 145 
Bastard ganisters, i. 105, 107-110 
Bath bricks, i. 159 ; ii. 208 
mineral springs, salt.s in. i. 17 
sandstones, i. 50, 58, 59 
Baum jig, i. 422 
Bauxite, i. 194 

Bawtrey Hunter sands, i. 53, 55 

use of, as moulding .sands, i. 131 ; 

ii. 112 

glacial sand, analysis o^, ii. 90 
mineralogical composition of, ii. 

91 * 

texture of, ii. 107 » 

use of, as moulding sands, ii. Ill 
Bay of Biscay, sand dunes oif; i. 27 
)3-criatobalite, i. 173, 230 
Beach sand, i. 29, 82, 157 
Beaconslield, Eocene beds at, i. 66, 68 
Bearings in wagons, tubs, and cars, 

i. 319 

BearsteatV Oreensand at, i. 63, 116, 
118, 119; ii. 3, 196 
Beauchiof,|vganister at, i. 49 
Becke, i. 24.3 f 

Bedding for roads, use of sand for, 

ii. 70 
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iieaainf^ton, i hanot sandH at, i. (>7 ; 

ii.lO , , • 

Bedfordshire - * 

Groat Oolite fti, i. .">9 
Kellaways hods in, i. 5S 

Lower Greensand in, i. 64, 116; 

ii. 9, 65 

Wealden beds in, i. 60 
Beeloy Wood, gnnister at, i. 49 
Beighton, glacial sands at, i. 76 
Beilhy, ii. 221 « 

Belfast - 

Bunter bods near, i. 55 
Bunter sands, analysis of, ii. 90 
Keuper bods near, i. 59 

inineralogioal composition of, ii. 
91 

properties of, i. 85, 86 
texture of, ii. 107, 109 
use of, as moulding sands, i. 85, 
86, i:U ; ii. 119 
Belgian sands, i. 79, 194 
rod, analysis of, ii. 90 
iron in, ii. 99 

minoralogical composition of. ii. 

91 

texture of, ii. 109 
use of, as moulding sands, ii. 1 1 1 
for funiaco hearths, ii. 194 
yellow, analysis of, ii. 90 
iron in, ii. 99 

minoralogical composition of, ii. 

91 

texture of, ii. 105, 107, 109 
Belgium, })hosphato samls in, i. 192 
Pliocene santls in, i. 194 
Bell, H. S., i. 141 
Belt conveyors, i. 328 
output of, i. 991 
roller sets in, i. 991 
Belts for conveyors, i. 991 
Bernbridge beds, i. 72, 192 
Benfleet, Bagshot beds at, i. 70 
Bennett & Sayer, Ltd., i. 982 
Bentham^sands at, i. 4(», 76 
erkeley Springs sands, ii. 195 
erkshiro — 

Kocone beds in, i. 66, 67, 69 
Lower Greensand beds in, i. 62 
Uj^jor Greensand beds in, i. 62 
Wealden beds in, i. 60 
Bermuda, sand dunes in, i. 27 
Beryl, i. 187, 209, 291 
Beryllium aluminate, i. 195 
Bessemer converters, sands for, ii. 196 
Beuth sand, i. 2|^0 I 

Beverley, Reading beds at, i. 68 
Bickle Engineering Co.,gLtd., i. 354, 
452 • 

Biddulph, silica rock at, ii. 190 
Biggleswade, Greensand at, i. 64 


Bilharz jigs, i. 429 
Billiton, tin^bearing sands in. i. 164 
Binders in mouliling sands, ii. 1 16 
Binding power «)f moulding .sands, ii. 

»4 

Bins, i. 468, 469. 472 
Biotite, i. 6, 186, 204, 208, 209, 224 
action of soda, on, i. 204 
Birefringence of minerals in sand, i. 
208 

Birkenhead, sand dimes at, i. 27 
Birmingham 

Bunter sands, i, 54 
Gemetery sands, i. 55 
moulding sands, i. 55, 191 
analysis of, ii 90 
min('ralogi(‘al composition of, ii. 
91 

texture of, ii. 107 
Bis»-hof, i. 292 

Bishopbriggs, silica rock. i. 45 
Bishops Waltham, Eocene IkmIs at, i. 
6(i 

Bitulithic roads, sand for, ii. 67 
Bitumen, i. 80 

-concrete roads, sand for, ii. 65 
Bituminous fabrics, use of saiul in, ii. 
79 

sands, i. 82 
Black diamond, i. 91 
earth (Russia), i. 91, 126 
sand, ii. 77 

sand.s, i. 82, 117, 122, 128, 206 
.soils, i. 161 

Bla<!k Sea, mud in, i. 12, 190 
Blackfoot moulding sand. i. 67, 169 
Blackheath beds, i. 66, 70 
sands, i. 192 

minerals in. i. 181, 182, 188 
Blackings, ii. 78, 1 20 
Blackpool, glacial drift at, i. 75 
Bla.sting sand rocks, i. 295 
Blasting, secondary, i. 907 
Blatherwyke, Estuarine .sands at, i. 59 
Bleininger, i. 229 
Bletchington, laas at, i. 56 
Blochairn, silica rocks at, i. 48 
Blondin ropeway, i. 926 
Blotches in lime-sand bricks, ii. 18 
Blotching in sand beds, i. 1 44 
Blowing due to lime, i. 191 
of moulding sands, ii. 98 
Blown sand, i. 24, 82 
Bhmdell Sands, i. 28 
Blyth, shore sands at, i. 77, 83 
Boart, i. 84 

Bodmin Moor, tungsten -bearing sands 
on, i, 166 
Bogitch, B., i. 226 
Bognor bods, i. 66, 67 
Bogojwlenski, i. 9 
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Bohemia, garnet in, i. Ill 
tripoli in, i. 160 
Bole, i. 84, 125 * 

Bolina, tungsten-bearing sands in, i. 
164 

Bonhaven Bay, quartzites in, i. 39 
Bonnybridge ganistor, i. 108 
moulding sand, i. 131 
sandstone, i. 48 
Bonnysido, ganister at, i. 48 
Boreholes — 
charging, i. 303 
depth of, i. 296 
position of, i. 296 
size of, i. 296 
Boring for sand, i. 270 
Borneo— 

carbonado in, i. !)l 
diamonds in, i. 91, 114 
platinum placers in, i. 133 
Borocarbono, i. 96 ; ii. 209 
Bort, i. 84 

Boston, soil at , ii. 1(»4 
Boswell, Prof. P. (5. If., i. 130, 132, 
133, 134, 135, 139, 140, 141, 149, 
150, 151, 153, 1.54, 156, 1.57, 
1.58, 16.3, 164, 203, 211, 215, 
217, 2.53, 441 ; ii. 1.5, 89, 92, 
107, 109, 137, 1.38, 142, 181, 
194, 195, 203 

Boswell’s grading graph, i. 215 
Bottle ghvss, sand for, ii. 194 
Boulder clay, i. 1 1 
sand in, i. 185 

Boulton, Wm., Ltd., i. 366, 429 
Bournemouth, Bagshot bods at, i. 70 
Bovey basin, kaolin-bearing sands in, 
i. 72 

Boving Engineering Works,Ltd.,i. 41 1 
Bowl classifier, i. 397 
Boy Ian separator, i. 401 
j3-quartz, i. 17.3 
inversion of, i. 226 
Bracklesham beds, i. 66, 70, 72, 84* 
Bracknell, Bagshot beds at, i. 71 
Bradfields, Eocene beds at, i. (i6 
Bradley Pulverising Co., Ltd,, i. 372 
Bragg, W. H,, i. 184 
Brahmaputra, delta of, i. 30 
Brakes, use of sand in, ii. 229 
Brampton, Buntcr beds at, i. 53 
Brandenburg sand, ii. 91 
Brandon, sand dunes at, i. 27 
Brandy (lill, granophyre at, i. 38 
Branthwaite, bastard ganister at, i. 
.50, 108 

Brass casting — 

coal dust in, ii. 119 
pease meal ih, ii. 1 19 , 

sands for, ii. 104, 1 08, 111 , 1 1 2, 1 1 3 
melting furnaces, sand for, ii. 136 


Brassington, pocket sands at, i. 43, 
, 110,131,136 

Brazil — • * 

carbonado in, i. 9K 
gem sands in, i. Ill, 114, 115, 182, 
198 

rnonazito sands in, i. 29, 128 , 168 
platinum placers in, i. 133 
Brecknockshi re — 

Millstone (irit in, i, 47, 48 
01(^ lied Sandstone in, i. 41 
rottenstono in, i. 44 
Breeze, i. 84 
Breich sandstone, i. 45 
Brent Knoll, Midford sands at, i. 59 
Brentwood, Bagshot .sands at, i. 70, 
181 

Brick-dust for moulding, ii. 78 
in plaster, ii. 57 
Brick-earth, i. 168 
Brick-making 

drying sand for, ii. 8 
prepai’ation of sand for, ii. 8 
screening sand for, ii. 8 
shape of sand grains in, ii. 3 
size of sand grains in, ii. 3 
sources of sand for, ii. 3 
testing saml for, ii. 9 
unsuitabki samls for, ii. 4 
u.se of .sand.s in, i. 82, 93, 104, 125 , 
144, 1.59, 191, 210; ii. 1-21, 
143-151 

Brick-moulding sand, i. 84 
Brick-roads, sand for, ii. 1)4 
.sand, i. 1, 78 
Bricks - 
cutter, ii. 7 
(lusting, ii. 8 

facing, use of .sand for, ii. 0 
flint, ii. 144 
flint-clay, ii. 144 
floating, ii. 20 
ganister, ii. 144 
glazed, sand for, ii. 8 
insulating, ii. 20 
kieselguhr, ii. 145 
light, preparation of materials fo^, 
ii. 21 , 

raw materials for, ii. 20, 21 
testing materials for, ii. 21 f 
lime-sand, crushed rock for, ii. 10 
defects in, caused by unsuitable 
sands, ii. 18 

dry sand necessary for, ii.’ 16 
drying sand for, ii. 17 
effect qf impurities on, ii. 12 
grinding sand fdr, ii. 17 
preparation of sand for, ii. 17 
quarry waste /or, ii. 10 
sand for, ii. 9-19 
screening sand for, ii. 17 
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line ks — corHinued 

lime-sand, sources of sand for, ii. 10 
testing sa^jd for, i^ 18 * 

texture, irr^ular, ii. 19 
texture of sand for, ii. 13, 14 
.voids in sand, ii. 16 
washing sand for, ii. 17 
mortar, raw materials for, ii. 20 
porous, ii. 20 

preparation of materials for, ii. 
21 

testing matorinls for, ii. 21 
refractory, raw matoi inls for, ii. 21, 

143 

rubber, use of sand for, ii. 7 
sand, ii. 144 
-bauxite, ii. 145 
semi -silica, ii. 145 
silica, ii. 143 
tridymite, ii. 143 
use of saral in drying, ii. 7 
Rridgonortb, rormian l)eds at, i. 51 
Rridgoport, Oolite beds at, i. 59 
Rridlington glacial sands, i. 76 
Rridjjort, Lias at, i. 56 
Midford sands at, i. 60 
Rrigg Hazel silica roc^k, i. 43, 44, 149 
• Brighton, Heading bods at, i. 69 
Brimham rocks, i. 10 
Bristol and SoirKasei Coalfield, Upper 
Coal Measure sands in, i. 51 
Bristol Charmel 
alluvium in, i. 80 
Kouper beds near, i. 53 
Lias beds near, i. 56 
Millstone Orit near, i. 46 
British Columbia, gold placers in, i. 
117 

platinum placers in, i. 133 
British Stamlard Specification of J Port- 
land Cement, stamlard sand 
for, ii. 34 

Brittany, shore sands in, i. 179, IHI 
Brockenhurst, Bagshot beds at, i. 71 
Brohl, i. 165 
Bromofori*!, i. 257 
IJromsgrove, quartzite at, i. 40 
Bronze casting, sand for, ii. 108, 1 1 2 
Rrdhzite, i. 179 

BrootEnd, Reading beds at, i. 68 
Broolfite, i. 196, 208, 209, 224 
action of acid on, i. 204 
Brora sandstone, i. 68 ; ii. 195 
Brough, Bunter beds at, i. 53 
Brown sands, i. 84, 199, 207 
Brun, i. 230 

Bruton, Midford #ands aty#i. 59 
Brynamman *- 

ganister at, ii. 137 » 

Millstone Grit bells at, i. 47, 48, 142 
quartzites, i. 142 


/3-tridymite, i. ^73, 230 
Buchanan, ii. 121 
Bucket con'ieyora, i. 336 
dredgers, i. 293 
output of, i. 294 
elevafors. i. 339, 402 
loaders, i. 308 

Buek(ds for ropeways, i. 323 
Btickinghamshire 
JOocene l)eds in, i. 6tl 
glacial drift in, i. 75 
J^iOwerCreensand in.i. 65, 116; ii. 3 
VVealden beds in, i. 60 
Bucklebury, Bagshot bctls at, i. 71 
Buckley, silica rocks at, i. 46 
Buddies— 

box, i. 413, 414 
cir<-ular, i. 414, 415 
coricave, i. 415, 417 
convex, i. 414, 417 
revolving, i. 417 

Budleigh Salterton. Keui)er bods at, i. 
53 

Building purposes 
sand for, i. 45, 48, 55, 65, 76, 77, 
82, 84, 92, 93, 120, 122, 124, 
144, 158, 165 
|)roperties of, i. 221 
Bullbridge, ganist(a’ at, i. 49 
Bullhousi‘, ganister at , i. 49 
Bullivant, i. 315 

Bulvcrhythe sands, i. 01, 116, 122; 
ii. 3 

Bunter beds, i. 34, 53 
pebble beds, i. 54, 55 
minerals in, i, 217 
sands, i. 85 

agricultural value of, ii. 166 
flow of, i. 225 
for furnace hearths, ii. 137 
mica in, ii. 98 

minerals in, i. 180, 182, 180, 196, 
199 ; ii. 89, 98 
potash in, ii. 89 
shape of grains in, i. 220, 225 
water in, ii. 100 
.sandstone, i. 32, 43, 52, 164 
Burghwallis, Bunter sands at, i. 55, 
131 

Burma, gem samls in, i. 1 14 

metalliferous sands in, i. 164, 166 
Burning of sands and sand-rocka, i. 
434 

“ Burning on ” of moulding sand, ii. 
80, 96 

Burnt moulding sands — 
reclamation of, ii. 126 
use of, for furnace linings, ii. 137 
use of, ior refractory cements, ii. 
* 155 

sand, restoring, ii. 126 
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Burr mill, i. 374 

Bursledon, Eocene bods at, i. 66 
Burslem, sandstones at, v 152 
Burton Bradstock, Oolite beds at, 
i. 58, 59 

Burytliorpe, Kellaways sand Ut, i. 58, 
116, 123; ii. 194, 195 
Bute, glacial drift at, i. 75 
Bwlchgwyn, silica rocks at, i. 47, 152 
Bynea, silica rocks at, i. 142 
Byon, i. 1 14 

Byreburn, sandstones at, i. 50 
Bytownito, i. 208 

Cage disintegrator, i. 354 
Cairn Burn bastard ganist<u-, i. 108 
Caister, Oreonsand at, i. 65 
Caithnoss-shire, Olacial drift in, i. 75 
Old Bed Sandstone in, i. 41 
Calais sand, i. 156, 159 ; ii. 7 
Calcareous sands, i. 86 
for concrete, ii. 24 
Tjimy sands 

Calciferous sandstoru^s, i. 42 
Calcined sands, colour of, i. 144 
silica, i. I7(> 

Calcining sand-rocks, i. 434-440 
Calcito, i. 190, 208, 209, 224, 231 
action of acid on, i. 205 
Calcium carbonate, effect of, on 
sands, i. 193 
in soils, ii. 1 67 

Calcium chloride in apatite, i. 199 
compounds in sands, i. 123, 190 
soluble, i. 193 
fluoride, in apatite, i. 199 
-i roil compounds, formation of , i . 1 93 
metaferrato, fonnafion of, i. 193 
orthoferrate, formation of, i. 193 
phosphate, in apatite, i. 199 

■silica mixtures, fusibility of, i. 
199 

silicate in silica bricks, i. 229 
sulphate, effect of, in sands, i. 193 
Caltlwell sand, i. 45, 150; ii- 137 
(^alifoniia— 

gem saruls in, i. 114 
inotalliferous sands in, i. 117, 128, 
133 

pumice sand in, i. 137 
Callow floatation process, i. 425 
Cal my limestone, i. 45 
Camas shore sand, i. 158 
Cambrian sand.s, i. 40 
soils, i. 162 
Cam bridgosh i re — 
alluvium in, i. 80 
Clocial beds in, i. 74 
Greensand in, i. 64 
Wealden beds in, i. 60 w 

White bricks, sand for, ii. 3 


Camp Hill quart/.ito, i. 

Campbeltowm sandstone, i. 45 
Canada — ^ ^ < 

asphaltic sands in,^i. 81 
metalliferous sands in, 117, 189 
oil sands in, i. 131 

Canary Islands, blown sand in, i. 24 
pozzuolana and tuff in, i. 136, 165, 
166 

Canterbury, i. 67, 70 

Capo Comorin, monazite sand at, i. 

' 128 

Cape ruby, i. Ill, 1 14 
Carbide abrasives, i. 209, 213 
sands, i. 86 
(W’bofrax, i. SO 

('arbon, action of, on silica, i. 205 
effect of, on inversion of silica, i. 

229 

in sands, i. 200 

Carbon dioxide, effect of, in weather- 
ing, i. 9 

Carbonaceous matter in .sand — 
determination of, i. 240 
effect of, i. 201 

Carbonaceous snnds, i. 90, 200 
Caiborrado, i. 91 

Carbonated water, effect of, on rocks, 
i. 17 

Carbonates, effect of, on inversion 
of silica, i. 228 

Carboniferous moulding sands, ii. Ill, 
113 

quartzites, i. 141 
sandstones, i. 42, 148 
Carbon i.sHt ion, i. 9 
Carborundum 

alumina in, i. 183 : ii. 187 
as an abrasive, i. 88 ; ii. 210 , 219 
for refractory materials, ii. 152, 153 
manufacture of, i. 86 ; ii. 185 
properties of, i. 88 
V. Corundum as abrasive, ii. 216 
Carborundum cloth, ii. 221 
Company, ii. 219 
fire-sand, i. 89 ; ii. 137 
flour, i. 88 
paper, ii. 221 
sands in cements, ii. 157 
Carbosilite, i. 86 ; ii. 210 
Carboxides as abrasives, ii. 209' 
for refractory materials, ii. 153 
Card concentrator, i. 419 
Cardiff— 

alluvium near, i. 80 
Lina near, i. 57 
Millstone Grit near, i. 47 
Old Bed Sandstone near, i. 41 
1 Cardigan.shir'^, vein quartz in, i. 39 
I Careg-lom rottenst'^no, i. 44 
1 Carlisle, moulding sand used in, ii. 113 
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Carlops, gai^ster-like sandstones, i. 
45" 

Carluke, syioa sandstones near, i. 4-51 
Cannarilienshir^ — * 

Glacial sands iH, i. 7(1 
Millstone Grit in, i. 47, 48 
rottenstono in, i. 44 
Carnarvonsliire, metamorpluo rocks 
in, i. 89 

pocket sands in, i. 48 
Cam Cennen, rottenstone at, i. 4r» 
Cam Pen-y-Clogau, rotteiistonci al , 
i. 45 

Camaii Gwys, rottenstone at, i. 45 
Curnolian, i. 175 

Carolina, gern sands in, i. Ill, 114 
inonazite sand in, i. 128 
Cars for rails, i. 817 
Carshain, Forest Marble at, i. 58 
('arsington, pocket sand, i. 185 
Carstairs Kanu's, glacial sands at, i. 79 
Carstono, i. 94 
Carts, i. 817 

Casing for screens, i. 495 
Cassiterite, i. 198, 208, 200, 224 
action of acid on, i. 204 
Castell-y-(icifr, rotterjstone at, i. 45 
listing metal. Sve Mouldirig sands 
asting metals, use of sand in, ii. 75 
temperatures, ii. Hi 
Ccustle Hill quarry, i. 152 
Castle Hill silic^a rocks, i. 48 
Castle Rising, Lower Greensand al, 

i. 04 

Castlecary, limestone, i. 45 
Castlofortl, moulding sand at, i. 181; 

ii. 118 

Castlosido, silica rocks at, i. 48 
Castleton ganister, i. 1 lO, 154 
Catalytic properties of kieselguhr, 
i. 198 

Cattormole floatation procrivss, i. 425 
Cavorsharn Park. Reading beds al, 

i. 99 

Cavities in sand grains, i. 171 
Cofn-y-fedw - 

bastard ganister, i. 109 
(Quartzite, i. 142 
saridstone, i. 49, 162 
Celestino, i. 196, -08, 209, 224 
Cellulatt silica, i. 96, 178, 178 
Cement - 

in#ganister, i. 107 
ill sand-rocks, i. 21 
standard sand for, ii. 84 
white, ii. 55 

Cement grout os a filler for roads, 

ii. 70 • 

Marketing Co,, Ltd., ii. ly 
planters, ii. 55 § 

Users’ Testing Association, ii. 27 


Cements - 

clay in, ii. 48, 49 
colloidal si^ca for, ii. 48 
composition of sand foj‘, ii. 48 
drying sand for, ii. 58 
effect iri brick dust on, ii. 50 
cinders on, ii. 50 
dust on, ii. 50, 51 
marble dust on, ii. 50 
mij*a on, ii. 49 
pozzuolana on, i. 99 ; ii. 49 
shape of sand grains on, ii. 50 
size of saiul grains on, ii. 50 
trass on, i. 99 ; ii. 49 
grading sand for, ii. 51 
hardness of sand for. ii. 52 
preparalion of sands for, ii. 58 
jnimice sand bir, i. 188 
.salts in, ii. 48 
sand iKsed in, i. 188 ; ii. 42 
scrciaiing sand for, ii. 58 
siliceous, i. 1 1 1 
silicic acid in, ii. 58 
sources of sand for. i. 188 ; ii. 47 
testing sands for, ii. 58 
washing .sand for, ii. 58 
Centrifugal drying, i. 407 
Sejiarutors, Ltd., i. 408 
Cerium compounds, i. 197 
Ceylon, gem sand.s in, i. Ill, 114, 115 
metalliferous sands in, i. 29, 198 
Chain conveyors, i. 887, 889 
(!haIccdoiiy,‘i. 176, 208. 209, 224, 281 
effect of heat on, i. 227 
sptK'ilic gravity of, i. 221 
Chale, Lower Greensand at, i. 98 
Chalfont. St. (.tiles, Reading beds at, 
i. 98 
Chalk -- 

in HItcr sands, ii. 1 78 
in moulding sands, ii. 97 
in .saml, effect of, ii. 4, 18 
Chalk formation, i. 59, 60 
glauconite in, i. 181 
.sain Is, i. ()5 

use of, in brick-making, ii. 4 
soils, i. 191 
Chalybito, i. 189 

Changes in volume of silica on heat- 
ing, i. 288 

Characteristics of sand.s, i. 79-198 
(Uiard, Upper Greensands at, i. 92 
Charging boreholes, i. 808 
Charley Forest, oilstone in, i. 182 
Charlton, H. W., ii. 112, 189 
Charlton, Woolwiidi beils at, i. 98 
Charlton glass sand, i. 67, 119 
moulding .sand, i. 97, 163 
analysis o/, ii. 90 

* rnineralogical com’position, ii. 91 
Charminster, Eocene bods at, i. 96 
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Cham wood Forest, oilstone in, i. 132 
Charterhouse, Hinton, Lower Oolite 
at, i. ns 

Chaser Mill, i. 37r> 

Chause Heath, Reading beds at, i. 69 
Cheltenham, Lias at, i. 56 + 

Chemical action, influence of time 
on, i. 17 

Chemical analysis of sand, i. 237 
Chemical composition — 
of abrasive sands, ii. 212 
of moulding sands, ii. 85 
of sands, i. 202 

for brick- making, ii. 3, 6, 7 
for cements, ii. 48 
for chemical purposes, ii. 187 
for concrete, ii. 26 
for enamelling metals, ii. 130 
for explosives, ii. 226 
for filtration, ii. 178 
for furnace linings, ii. 138 
for glass-making, ii. 195 
for lirno-sand bricks, ii. 10 
for mortar, ii. 48 
for plaster, ii. 57 
for relining metals, ii. 129 
for refractory cements, ii. 154 
for roads, ii. 62, 64 
for silica bricks, ii. 147 
for silica coitients, ii. 156 
for smelting metals, ii. 129 
for welding, ii. 130 
of soil, ii. 166 
Chemical industry - - 

composition of sand for, ii. 187 
preparation of sand for, ii. 187 
properties of sand for, ii. 186, 187 
purification of sand for, ii. 187 
testing sand for, ii. 188 
uses of sand in, ii. 183 
Chemical methods of purification, i. 
433 

properties of sands, i. 204 
Chert, i. 175 
beds, i. 62 

use of, as an abrasive, ii. 209 
Chertsey, Bagshot beds at, i. 70 
Chesham, Eocene beds at, i. 66 
Cheshire — 

Bun ter beds in, i. 54, 55, 131 
texture of, i. 220 
Crowstones, i. 109, 152 ; ii. 146 
Kouper Waterstones in, i. 53, 116, 
123, 124 ; ii. 194 

marine denudation in, i. 26 
moulding sands in, ii. 113 
New Red Sandstone in, i. 32 
Chester, Lower Trias at, i. 54 
Chesterfield, ganister near, i. 49 
Cheviot Hills, Trap rocks in, i. 5 
Chichester, Eocene beds at, i. 66 


Chieveley, Eocene beds at, i. 66 
Chile, gold placers in, i. 118 
CJiiltern Hills, i. 62, 75 
China, loess iil, i. 27, 125, 160 ; ii. 164 
tungsten-bearing Isands in, i. 160 
China clay — 

formation of, i. 16 
properties of, i. 184 
sand, i. 91 
use of, ii. 149 

(Shipping in lime-sand bricks, causes 
of, ii. 19 

Chipstead sands, siliceous sponges in, 
i. 178 

Chislohurst, Woolwich bods near, i. 
68 

Chloric acid, action of, on car- 
bonaceous matter, i. 205 
Chloride of calciuiti in apatite, i. 
199 

Chlorides, effotd of, on inversion of 
silica, i. 228 

Chlorite, i. 187, 207, 224 
action of acid on, i, 205 
Chobhani, Bagshot beds at^, i. 70 
Chobham Ridge, Bagshot beds on, 
i. 71 

Christchurch, Barton bods at, i. 72 
Chromite, i. 20, 198, 208, 209, 224, 231 
(.■hromium compounds in sands, i. 198 
Chrysoberyl, i. 115,195 
Church Cresley, Bunter beds at, i. 
53 

Churchtown, sand dunes at, i. 28 
Chutes, use of, i. 315 
Chwarele ganister, i. 109 
Cinders, use of, in concrete, ii. 25 
Clarendon Hill, Reading beds round, 

i. 68 

Clarke, F. W., i. 173 
Classification of grains of sand, i. 21 1 
Classifiers, i. 397 
Classifying, i. 465 
witli air, i. 466 
with water, i. 384, 413 
Clay, calcined, effect of, in cements 
and mortars, ii. 49 
contraction of, restricted by sand, 

ii. 1 

definition of, i. 2 
effect of, on enamels, ii. 13(1, 
on sand, i. 188« 225 
formation of, i. 16 
in cement sands, ii. 48 
in concrete sands, ii. 26, 27 
in filter sands, ii. 178 
in furnace sands, ii. 139 
in glass sand, ii. 199 
in loams^ ii. 95 
in mortar sands, ii. 48 
in moulding sands, ii. 87, 92 
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Clay — continihd 
in sands, i. 182 

for foiSndatIt)nB, ii. 13 
for lime-sandj|l)rickB, ii. 12 
for roads, ii. 62, 03, 64, 66, 70 
for silica bricks, ii. 148 
rod, i. 33 

size of particles in, i. 2-11 
Clay bricks, use of sand in, ii. 1 
Clayey sand, i. 92 

Claygate beds, mica and heavy min- 
erals in, i. 217 

Claying furnace hearths, ii. 139 
Clay stone, i. 6 

Cleanness of sand, testing, i. 244-246 
Cliddcsden, Lower Greensand at, i. 63 
Clip for haulage rope, i. 314 
Clitheroo, Permian sandstone at, i. /> 1 
Clonakilty, sliore sands at, i. 157, 158 
Close moulding, ii. 76 
Clowne, Permian beds at, i. 51 
Clim, Old Red Sandstone at, i. 41 
Clydach, ganistor for furnace hearths, 
ii. 137 

Millstone Grit at, i. 47 
Clyde River sand, sizes of grains in, 
ii. 109 

* “ rotten rock,” i. 45, 163 ; ii. 113 
sand, chemical analysis, ii. 90 
mineralogical analysis, ii. 91 
Coal-dust os opener for sands, ii. 119 
Coal Measure Sandstones, i. 42 
minerals in, i. 186, 196 
soils, i. 162 

Coalisland shore sand, i. 77, 83, 167 » 
ii. 195 

Coar.se sand, definition of, i. 1, 211 
Coating loam, ii. 77 
Cobalt, earthy, i, 167 
Cobalt blue, use of sand in manufac- 
* ture of, ii. 229 
sands, i. 93 

Cobb, J. W., i. 191, 192 
Cobham, Bagshot beds at, i. 71 
Cockerham, Bunter beds at, i. 54 
CohesivenosA of moulding sand, ii. 83 
Coke dust for plasters, ii. 57 
Cokii^, use of sand in, ii. 228 
Colloid matter in sand, dctennination 
i»f, i. 245 

Colloidal gel, formation of, i. 18 
n^jnerals in sands, i. 171 
silica, i. 176 

use of, as bond in moulding 
sands, ii. 116 

use of, in sands for mortar, ii. 48 
state, change i»v*i. 18 * 

Colluvial sands, i. 93 
Colly rite, i. 183 ^ • 

Colorado, monazite sand in, i. 128 
pumice sand in, i. 137 
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Colour of glass, effect of iron on, 
ii. 197 

of moulding sands, ii. 79 
of sand bods, i. 144 
of sand jdarkene<l by burning, i. 434 
of .sands, i. 205 

Columbia, platinum placers in, i. 
133 

Columbite, i. 209 

Columbus, Ohio, filtration plant at, 
ii. 180 

Colwick, Bunter beds at, i. 54 
Commondale, pencil-ganister, i. 110 
rock, i. 155 
Compact sand, i. 210 
Compos for lining furnaces, i. Ill ; 
ii. 156 

moulding, i. Ill ; ii. 79, 122 
Composition, chemical, f)f sands. See 
Chemical composition of sands 
mineralogical, of sands. See 
Mineralogical composition of 
sands 

Compressed liquids for power trans- 
mifision, i. 302 

Compre.s8ive strength, determination 
of, i. 265 
of sand, i. 225 
Compressors, aii*, i. 300 
Compton, Bunter sand at, i. 65, 131 
Concentration by air, i. 427 
by floatation, i. 425 
by magnets, i. 428 
by water, i. 413 

(.Concentrators, eh'ctrostatic, i. 432 
sloping table, i. 416 
Concentric .screen, i. 460 
Concrete, ii. 22-41 

composition of sands for, ii. 26 
crushing sands for, ii. 40 
cfTeet of dtist on, ii. 33 

grading sand on porosity of, ii. 39 
voids in sand on, ii. 35 
grading sand for, ii. 35-38, 40 
hardness of sand for, ii. 39 
ideal sand for, ii. 37 
preparation of sands for, ii. 40 
roads, ii. 63 

shape of sand grains in, ii. 31 
size of sand grains in, ii. 32 
sources of sand for, i. 76, 77, 78, 
8.5, 144, 15.5, 183 ; ii. 23 
specific gravity of sand for, ii. 39 
standard sand for, ii. 34 
stone for, ii. 24 
testing sand for, ii. 40 
use of sands in, ii. 22 
tosca in, i. 165 

• volume weight of stmd for, ii. 39 
wasfting sand for, ii. 40 
Concrete Institute, ii. 32, 33, 34, 38 
R 
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Conductivity, electrical, of various 
minerals, i. 224, ^33 
Cone elutriator, i. 394 
Congleton crowstones, i. 109, l.')2 
Conglomerates, i. 29 » 

Conglomeratic quartzite, i. 138 
Conical screens, i. 451 
washers, i. 394 
Consett — 

ganistcr at, i. 43, 48, 108, 109 
silica rocks at, i. 43, 48, 152 
Constantinosco, C., i. 302 
Constituents of sand, i. 169 
Continuous kilns, i. 437 
Contraction of clay, restriction of, by 
sand, ii. 1 

Converters, sands for, ii. 136 
Convoying the stripped material, i. 
281 

Conveyor — 
belt, i. 383 
output of, i. 331 
scraper, i. 383 
screw, i. 382 
transverse, i. 471 
Conveyors, i. 328 
fixing, i. 332 
for do -watering, i. 403 
Conway, pocket sands at, i. 43 
Cookstown, calciferous sandstone, i. 

42,131,151 

Cooling, effect of, on fused silica, 

i. 230 

Coolkeeragh sandstone, i. 42 
Coon, J. M., i. 9 

Copper ores, smelting, sand for, ii. 129 
sand, i. 93 

smelting furna< 3 cs, sands for, ii. 134, 
139 

Coprolite, i. 199 
Coral Rag, i. 58 
sands, i. 35, 93 
Corallian Rag, i. 57 
Coralline Crag, i. 73 
Corbv, Estuarine sands at, i. 59, 116 
Cordierite, i. 115, 188, 194, 208, 209, 
224 

Coro drill, use of, i. 270 

gum, as bond in moulding sands, 

ii. 117 

sand, mixtures, ii. 121 
sands, ii. 79 

calcium carbonate in, ii. 97 
chemical composition of, ii. 87 
clay in, ii. 96 
properties of, ii. Ill 
shape of grains in, ii. 105 
size of grains in, ii., 107 
Cork, shore sarids at, i.’ 157, 15J8 ' 

Combraah beds, i. 58 
soils,, i. 162 


Cornish crucibles, ii. 152 

moulding sands, iron in, ii. 99 
rod mouldhig sand?*, i. 73 ; ii. Ill 
sand, sizes of grains in, ii. 109 
sands, i. 134 

yellow moulding sand, i. 73 ; ii. Ill 
Cornwall - 

china clay sands in, i. 91 ; ii. 146 
granite rocks in, i. 3, 4 
moulding sands in, i. 131 ; ii. Ill 
pliocene sands in, i. 73, 76, 131, 
133-134; ii. Ill 
sand dunes in, i. 25, 26, 27, 83 
tin-bearing sands in, i. 164 
t rap rocks in, i. 5 
Corubin, i. 96 ; ii. 209 
Corundum, i. 93, 194, 208, 209, 224, 
231 

action of acid on, i. 204 
artificial, i. !14 
as an abrasive, ii. 153 
purifyirjg, i. 434 

V. Carborundum as an abrasive, 
ii. 216 

Cost of removing ovei-burden, i. 281 
Cotswold Hills, i. 75 
Inferior Oolite in, i, 59 
Lias in, i. 56 

Counterpoise separator, i. 401 
Cowrie sandstones, i. 45, 151 
Cracking duo to lime, i. 191 

in bricks prevented by sand, ii. 1 
Oadle concentrator, i. 416 
(kaigleith quarries, i. 42 
(k’anboiirnc, Kocene bods at, i. 66 
Cranes, i. 288 

Crank, Olacial sands at, i. 75, 116 
Cray Boxstones, mica and heavy min- 
erals in, i. 217 

Crayford, Thanct sand at, i. 67, 18^1 
Cretaceous sands, i. 96 
System, i. 60 

Crewkerne, Midford sands at, i. 59 
Cristobalite, i. 176, 177, 208 
formation of, i. 226, 228 
identification of, i. 177' 
melting point of, i. 230 ' 

metastability of, i. 229 , 

volume changes caused by forma- 
tion of, i. 233 i' 

Crofton, H. T., i. 27 
Crorncr Forest, Pliocene beds in,,L 73 
Crook, bastard ganister at, i. 109 
silica rocks at, i. 50, 109 
Crook, T., i. 253, 258 
Crookhatn, Bagshot beds at, i. 7 1 
Cross Quarry, i. 

Crossens Shore, “slutch” on, i. 26 
Crossley hlngiiie^ing Co., i. 368 
Crowborougli, Hastings beds at, i. 61 
Crowstones, i. 109, 152 
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Croydon — 

Reading beds at, i. 6^ 

Thanot beds ftear, i. 

Woolwich beds*at, i. (58 
Crucible furnaces, sands for, ii. 136 
Crucibles, ii. 132 
sands for, ii. 132 
Crushers, feeding, i. 361 
Crushing and grinding, i. 346 
Crushing materials for abrasives, ii, 
223 • 

for chemical industry, ii. 187 
for concrete, ii. 40 
for filters, ii. 182 
for glass-making, ii. 201, 202 
for li rue-sand bricks, ii, 17 
for moulding sands, ii, 122 
for refractory matcrial.s, ii. 138 
for roads, ii. 72 
jrrecautions in, i. 330 
rolls, i. 336 

strength, determination of, i. 263 
of moulding sands, ii. 101 
Crystalline minerals in sands, i. 170 
silica, i. 173, 176 
Crystallites in sands, i. 170 
Cry stolon, i. 86, 89. 216, 210 
ftubn, asphnllic .sands in, i. 81 
(’ulbin sands, i. 77, 83 
shape of grains in, i. 220 
Culver Cliffs, Eocene strata in, i. 66 
Cumberland — 

Archean rocks in, i. 3, 38 
bastard gan inter in, i. 46, 30, 108 
Clacial sands in, i. 76, 115 
moulding sands in, ii. 113 
sand bills in, i. 26 
silica rocks in, i. 41), 30, 31, 33 
Cupelling fiirnaces, sand for, ii. 133 
Cupolas, sand for, i. 31, 111, 134 ; ii. 
134 

Curracloe, blown sands at, i. 83 
Currio Glen quarries, i. 42 
Curtis, A, L., ii. 101 
Cutter bricks, use of sand for, ii. 7 
Cwmtwrch, Silica rook, i. 48, 142 
Cyftlone separators, i. 467 
• 

Dacite, i. 6 

DaddrjtSbield, bastard ganister at, 

i. 43, 108 

Dakota, monazite sand in, i. 128 
pumice sand in, i. 137 
Dalmally, molamorphic quartzite, 
i. 39 

Dalradian qiiartzites, i. 77 ^ 

Danube, trans[)ortSitiori of material 
by, i. 12 

Dark sands, cause of^i. 20", 205 
Darlington, Bunter beds at, i. 53 
Dartford, Eocene beds at, i. 66 


Dartmoor, fluviatile sand neui, i. 29 

David.son, i. JJtJO, 370 

Davies, i. 181 

Davis, .1. L., ii. 20 

Day andiHliepherd, i. 230 

I)e Ravay floatation [)rocess, i. 423 

Dead saml. restoring, ii. 126 

Dee, sand baidvs in, i. 26 

Deep leads, i. 133 

Doe pear 

bastard ganister at, i. 110 
ganister at, i. 40 
“ white flint ” at, i. 133 
Deep-sea dept)sits, i. 33 
Doepsykeh(‘ad, bastard ganister at, i. 

‘ 108 

Definit ion of <*Iav, i. 2, 211 
of sand, i. 1, 211 
of sill, i. I, 211 
D(*forinabilitv of sand, i. 223 
Dehydration, i. 0 
Delano washer, i. 304 
Delivering sands, i. 460 
Delprat floatation process, i. 423 
Delttiie <]eposits, i. 77 
Deltas, i. 30 
Dernantoid, i. I 1 1 
Dempster & Sons, Ltd., i. 333 
Denhigbshire. Millstone Grit in, i. 46 
poeket sands in, i. 43, 116, 131, 135 
Deiiford, Kstuarim^ .sands at, i. 30, 
103. 104. 116 

Ih'nsity of sands, i. 221 
of soil, ii. 173 

Dental eemenis, use of sand it), ii. 42 
Depeter, ii. 33 
Derby shire- - 

ba,siard ganister in, i. 46 
Hunter beds in, i. 34 
ganister in, i. 10, 30, 106 
Keuper beds in. i. 33 
Permian befls in, i. 31 
]>ocket sands in, i. •12, 111, 116, 
131, 134, 135, 1-16, 168, 106; 
ii. 1.37, 146, 140. 104 
rottenstone in, i. 44 
trap rocks in, i. 5 
Desert- sands, i. 22, 23, 84, 83 
Despafehing sands, i. 460, 473 
Detergent, use of sand os, i. 138 
Detonators, i. 303 
Detritul minerals in sands, i. 133 
Devizes, Greensand beds at, i. 62, 
63;ii. 112 

Devonian sand rooks, i. 41 
I )evonsbin' — 
adobe in, i. 70 
ganister rocl^s in, i. 4, 5 
* kaolin sands in, i. 72 ; ii. 146 
KeiqMjr Ixjds in, i. 33 
oilstone in, i. 132 
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Devonshire — continued 
sand bars in, i. 30 , 

dunes in, i. 26 
trap rooks in, i. 6 
Upper (ireensami in, i. l^l 
white bricks in, ii. 3 
De-watering sands, i. 401 
Diallage, 1. 179 

Diameter of sand grains, i. 21 1 
Diamond — 

as an al^rasive, ii. 210 
properties of, i. 96, 208, 209, 224, 
231 

sources of, i. 96, 112, 133 
use of, i. 96 

Diamond Coal Cutter (^o., i. 336 
dust grading, ii. 224 
gravels, hydrauli<^king, i. 292 
Diaspore, i. 194 
Diatom sands, i. 33, 96 
Diatomaoeous earth, i. 96 
ooze, i. 100 
sands, i. 35, 96 
Diatoms, i. 24, 96 
Dibdon, W. T., ii. 49 
Dick, A. B., i. 81, 178, 243 
Didcot, Upper Greensand at, i. 62 
Digswell, Eocene strata nt, i. 66 
Diluvial sands, i. 100 
Dinas rocks, i. 142 
sand, i. 100, 207 
Diopskie, i. 179, 208 
Diorite, i. 3, 4 
-porphyry, i. 6 
Dirt in sand, i. 244 
in sands for cements, ii. 49 
for concrete, ii. 26 
for filters, ii. 178 
for fire-bricks, ii. 147 
for glass-making, ii. 198 
for lime-sand bricks, ii. 13 
for mortars, ii. 49 
for refractory purposes, ii. 141, 
147 

for roads, ii. 62, 71 
in sands, removal of, by burning, 
i. 434 

Disc feeder, i. 363 
Discharging conveyors, i. 333 
Discoloration, i. 206 

in lime-sand bricks, ii. 18 
Disintegrator for milling sand, ii. 122 
Disintegrators, i. 352, 353 
Disposal of overburden, i. 281 
Distribution of sands, i. 37-78 
Diverters on conveyors, i. 330, 333 
Dolerite, i. 3, 6 

weathering of, i. 14, 

Dolomite, i. 104, 208, 209, 224 
action of acid on, i. 205 
Dolonvte sands, i. 101 


Don and Chisholm, ii. iSl 
r^on Valley, ganister in, i. ^9 
Doncaster, Buntcr sahds at, i. 53, 65, 
131 ; ii. 112«’ 
moulding sand, ii. 112 
Donegal 

glass sands in, ii. 195 
granitic rocks in, i. 4 
metamorphic rocks in, i. 39, 40, 
140, 435 

shore sands, i. 77, 157, 168 
Dorchester, Eocene bods in, i. 70 
Dore. ganister at, i. 49 
Dorman, W. 11., & Co., Ltd., i. 302 
Dorr classifier, i. 396 
Dorr Co., Ltd., i. 397 
Dorset/- 

Eocene l)eds in, i. 66 
Forest marble in, i. 58 
Lias in, i. 56 
Midford sands in, i. 59 
T^urbeck beds in, i. 57 
white ijricks in, ii. 3 
Dorset ball clays, i. 72 
Donlting, Midford sands at, i. 59 
Dovey, alluvium in mouth of, i. 80 
Dowlais, silica rocks at, i. 47 
Down Co., glass sands in, ii. 195 
shore sands in, i. 77, 157, 168 
Dow’ndraught kiln, i. 436 
Downham Market , Lower Greensand 
at, i. 64 

Downton. Eocene beds at, i. 66, 68 
Drag-belt de-watei“er, i. 403 
-lim> excavators, i. 280, 282 
-plate conveyors, i. 337 
Drag-bells, i. 402 

Dragoon Mountains, tungsten -bearing 
sands in, i. 166 

Drainage of pits and quarries, i. 277 

Drainers for wet sand, i. 402 

Draining belts, i. 406 

Draper, J. M., i. 393 

Draper washer, i. 393 

Dredging sands, i. 292 

Drift,!. 101 

Drilling boreholes, i. 297 
Drills, i. 298 

Drum Mine ganister, i. 48 
washers, i. 389 f 

Drumbathie, “ rotten rock ” at, ii. 

113 ^ <• 

Drumcavil, “ rotten rock ” at, i. 48. 
131 ; ii. 113 

Dry sand moulding, ii. 76 
sands, ^ii. 77 

Drying abrasive flowders, ii. 225 
bricks, use of sands in, ii. 7 
by heat, i. 4(V*| 
centrifugally, i. 407 
cylinders, i. 409 
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Drying pan^, i. 408 

sand for brick-making, ii. 8 
for cfenieniB, ii. 
for gla.ss-mtUdng, ii. 204 
for Iimo-.sana bricks, ii. 17 
for mortars, ii. ri3 
for moulding sand, ii. 113 
for pottory manufacture, ii. 190 
for refractory purposes, ii. 159 
for roads, ii. 72 
towers, i. 408 

troughs, i. 408 • 

Dublin, blown sands near, i. 83 
shore sands near, i. 77, 157i 158 
Dublin glass sands, ii. 195 
Dudley, Permian sandstones near, 
i. 51 
Duff, i. 159 

Duke’s Hill, Hagshot Ix'ds at, i. 71 
Dulsie Hridge, river sand, felspar in, 
i. 184 

Dumfriesshire, glacial drift in, i. 75 
siliceous sandstones in, i. 49, 50 
Dump, i. 159 

Dunbar, silica rocks at, i. 45 
Dunbar red soil, ii. 104, 105 
Dundry, Inferior Oolite at, i. 59 
Dune sands, i. 77, 199 
for bottle-making, ii. 195 
shape of grains in, i. 220 
Dunes, i. 23 

Dunmow, glacial drift at, i. 75 
Dunton Green, Folkestone beds at, 

i. 181 

Dunwich, Red crag at, i. 58, 73 
Durability of abrasives, ii. 211 
of polishing sands, ii. 210 
Durham, bastard ganisters in, i. 48, 
49, 50, 107-108, 109 
Hunter sands in, ii. 113 
glacial sands in, i. 70, 115, 131 ; 

ii. Ill 

size of grains in, i. 115; ii. 107, 
109 

Keuper sandstone in, i. 53 
moulding sands in, ii. Ill, 113 
• used in, ii. 112 
silica rocks in, i. 43, 44, 40, 48, 51, 
• 149. 151 
t^ookite in, i. 190 

Durleston Head, Portland beds at, 

. 

Duror, metamorphic quartzite at, i. 

It 

Dursley, Lias at, i. T56 
Dust — 

effect of, in cement, ii. A1 
in concrete, ii. 33 
in filter sands, ii. 171> 
in glass sands, ^i. 199, 200 
, in limo-sand bricks, ii. 14 


Dust — continued 

effwt of, in mortar, ii. 51 

in mouWing sands, ii. 105, 106, 
108 

in refractory materials, ii. 150 
in roads, ii. 03, 04, 0() 
sand. i. 1, 211 
.size of particles in, i. 21 1 
Dusting in lime-sand bricks, causes 
of, ii. 19 

sand for pottery, ii. 190 
ware, sands for, ii. 130 
Dutch Indies, i. 104 
Dutch sand - 

for furnace hearths and linings, ii. 
1.39 

for ghuss-making, ii. 199 
for moulding, ii. Ill 
Dutch Tarrass. i. 105 
Dutebworth, Koceno strata at, i. 00 
Dye, absorjilion of, by sand, i. 245 
-test, for sand, i. 245 
Dykeheatl ganister pit, i. 48 

Fart by cobalt, i. 107 
sand, i. 210 

East Grinstoad, Tunbridge Wells 
sand at, i. (>1, 121 

East Hoathby, Tunbridge W(41s sand 
at, i. 01 

Eastbourne, Wealden beds near, i. 

00, 03 

Easthampstead Plain, Hagshot beds 
on, i. 71 

Eastwood, T., i. 40 

EdgebnrroM' Hill, Hagshot beds on, 

1. 71 

Edgehill, i. 75 

Edgerloy Hill, Reading beds on, i. 08 
Edgc-riinner mills, i. .359, 374. 381 
for wot grinding, i. .381 
Edinburgli, moulding sands used in, 
ii. 112 

silica rocks near, i. 42, 45, 151 
Edwards, L. N., ii. 38 
Effect of imj)urities in sands. See 
under their various names 
Egham, Hagshot beds at, i. 7 1 
Eggleston ganister, i. 107, 108 
silica rock, i. 43 
Egypt, desert sand in, i. 23 
porphyry in, i. 5 
Eifel, palagonite tuff at, i. 100 
Eigg, shore sands in, i. 157, 158 
Electrical charge on sand grains, i. 23 
conductivity of sands, i. 224 
separation of minerals by, i. 268 
Electroion, i. 86 ; ii. 210 
# Electrostatic* concentrators, i. 432 
separation, i. 258 
separators, i. 258, 432 
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Elevators, i. 3119 
as drainers, i. 402 
capacity of, i. 340 ' 

Ellesmere, Buntor beds at, i. 54 
Elutriation, i. 252 ^ 

effect of flocculation on, i. 254 
variables on, i. 255 
Elutriators, conical, i. 394 
for washing sands, i. 391 
Eluvial sands, i. 101 
Elvans, i. 3, 5 
Emeralds, i. 133 
Emery, i. 101 ; ii. 219 
cloth, fineness of, ii. 221 
paper, fineness of, ii. 22 1 
Empire stone, ii. 20 
Enamelling metals, sand for, ii. 130 
Endoll, K.; i. 226, 228, 229 
Endless belt fitted with buckets, i. 383 
haulage, i. 312 
Endomorphs in sands, i. 172 
Enstatito, i. 179, 208, 209, 231 
Eocene beds, i. 66-72 
sands, i. 66-72, 102 

for glass-making, ii. 194 
for lime-sand bricks, ii. 10 
for moulding, ii. Ill 
soils, i. 161 

Ephesus, emery at, i. lOl 
Epidote, i. 187, 208, 209, 224, 231 
action of acid on, i. 205 
soda on, i. 204 

Epigenic actions on rocks, i. 7, 9 
Epping, Bag.slK)t be<ls at, i. 70 
glacial drift at, i. 75 
Epsom, clayey sands at, i. 93 
fire-bricks from, i. 93 
Reading beds at, i. 67 
Erasers, \iso of sands as, ii. 228 
Erith facing sands, ii. 104 

medium sand, sizes of grains in, 
ii. 108 

mild sand, size of grains of, ii. 107 
moulding sand, i. 67, 163 ; ii. 80, 
111, 112, 121 

chemical composition of, ii. 90 
mineralogical composition of, ii. 
91 

surface factor of, i. 213 
texture of, ii. 107, 108 
strong sand, sizes of grains in, 
ii. 108 

weak sand, sizes of grains in, ii. 108 
Erratic block quartzites, i. 143 ; 
ii. 143, 149 

Esher, Bagshot sands at, i. 71 
Eskers, i. 76, 102 
Essential minerals, i. 172 
Essex — * ' 

alluvium in, i. 80 
Bagshot beds in, i. 70 


Esse:. 

brick moulding sands in, ii. 0 
tplocene betV,- in, i. (V)-72 * 

Reading beds in, j, 68 
'riianot beds in, i. 67 
white bricks in, ii. 3 
Estuarine sands, i. 30, 102 
(Oolite) sands, i. 59, 102 
staurolite in, i. 182 
use of, for glass-making, ii. 194 
Etna, volcanic sands from, i. 36 
Eva'iis & Sons, Ltd., i. 293 
Evaporation of water from sands, i. 
408 

Evensley, Bagsliot beds at, i. 70 
Ewart chains, i. 339 
Ewell, Reading bods at, i. 69 
Ewell fire-bricks, i. 93 
hlwshot, Bagshot berls at, i. 71 
Examination of sands, i. 235-268 
Exbourne, Permian beds at, i, 52 
Excavators, i, 280, 282-290 
for removing overburden, i. 280 
Exeter, Permian beds at, i. 52 
Exxjansion — 

coclficient of, of quartz, i. 233 
of silica, i. 234 

joints, ii. 69 < 

of quartz, i. 233 
Exploders, i. 305 
lOxplosives 

comi)Osition of sand for, ii. 226 
tlryness of sand for, ii. 227 
for blasting, i. 280, 303 
poro.sity of sand for, ii. 226 
j)mparation of kiosclguhr for, ii. 227 
size of grains of sand for, ii. 227 
sources of sand for, i. 166 ; ii. 227 
tests of sand for, ii. 227 
use of suml in, ii. 226 
Extenders, use of sands as, ii. 228 

Fabbroni, ii. 20 
Facing sand - - 

(coai*se) sieves for, ii. 114 

composition of, ii. 120 

(fine) sieves for, ii. 114 

for casting iron, ii. 121 

for metal moulds, i. 81, 88, i04 ; 

ii. 77 ^ 

openers for, ii. 119 
preparation of, ii. 115 
properties of, ii. 108, 110 * 

Fairhaven, sand dunes at, i. 28 
Fairlee, Old Red dandstono near, i. 41 
Fairlight clay, i. 61 

sands fo : brick-n^aking, ii. 3 
for glass-making, i. 116 
Falkirk mo riding sand, ii. 113 
silica rock, i. Lj 3 
Fans, alluvial, i. 29 
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Faroham, Eacene strata at, i. 66 
Farewell rock, i. 46, 47 
Faringdoii bedf^ i. 64 
Famborough, Reading neds at, i. 60 
Famhain fii’eston^a, i. 148 
Faroe Isles, palagonite tuff in, i. 
166 

Fauldhouae, silica rocks near, i. 45 
Federated Malay States, niona/dte 
sand in, i. 129 

tungsten- 1 )earing sands in, i. 166 
Feeder screens, i. 456 
Feeding devices — 
automatic, i. .‘182 
for conveyors, i. 3.‘13 
for crushers, i. 361 
Felixstowe, Red Crag at, i. 73 
Felsite, i. 3, 5 
FolspKvr — 

action of acid on, i. 204 
of soda on, i. 204 
decomposition of, i. 15, 16, 20 
for plasters, ii. 57 
formation of crystals of, i. 8 
in hj'pabyssal rocks, i. 5, 6 
in moulding sands, ii. 87, 98 
in plutonic rocks, i. 3, 4 
in sands, i. 184, 185, 203 
kaolinisation of, i. 15, 16 
lime compounds in, i. 191 
properties of, i. 184, 209, 224, 231 
weathering of, i. 15, 16, 20 
Felspar-quart/, mixtures, fusibility 
of, i. 185 
Felstone, i. 6 
-porphyry, i. 6 
Fenner, C. N., i. 228, 230 
Fens, silt soils in, ii. 164 
Feret, ii. 27, 30, 35, 36 
Feret’s triangular diagram, i. 214 
Ferguson, i. 228 

Fermanagh, glacial beds at, i. 75 
Ferric hydroxide as a binding agent 
in moulding sands, ii. 99 
Ferriferous arnphiboles, i. 224 
cassiterit^e, i. 224 
l^rro -magnesian minerals, i. 207 
-silicon alloys, ii. 184 
Feifuginous sands, i. 104 
Fettling furnaces, sand for, ii. 134 
Ffritl^ silica rocks at, i. 47, 152 
Fibrox, i. 86, 90 ; h. 210 
Fifbahire — 

calciferous sandstones in, i. 42 
diatomaceous oai^h in, i. 97 
glacial beds in, i. 75 
Fifield, platinum^lacers i. 133 
Filaments in sands, i. 172 
Filey, action of springs ^ coast-line 
at, i. 12 • 

glacial drift at, i. 75 


Filler for osphnlP roads, ii. 66 

for roads of bricks, wood, or stone» 
ii. 70 . 

sand, use as, i, 158 ; ii. 228 
Filling or loading, i. 308 
Film flotllation, i. 425 
Filtcr-prc.ss, i. 404 
Filters - 

composition of sand for. ii. 178 
for dust and air, i. 465 
made of sand, ii. 176 
preparation of sand for, ii. 182 
shape of sand grains for, ii. 178 
.size of grains in, ii. 179 
.sources of sand for, i. 40, 41, 42, 
104, 147, 183 ; ii. 181 
testing sand for, ii. 182 
washing sand for, ii. 182 
Filtration 

lis a means of drying, i. 404 
of sand, i. 210 
use of sands for, ii. 176 
Finchhiy, Bagshot beds at, i. 71 
Findhorn River, felspar in sands of, 
i. 184 

sand dunes near, i. 26 
Findlings quartzite, i. 143 

use of, for silica bricks, ii. 149, 161 
Fiix? sand — 
d(4inition of, i. I, 211 
size of [)article, i. 21 1 
use as a chemical, ii. 185 
Fineness - 

ot abra.sive cloths and papers, ii. 
221 

of sands, i. 217. Sve alw under 
various industries 
Finishing loam, ii. 77 
Fire-bricks 

clay in sands for, ii. 148 
composition of sand for, ii. 147 
fluxes in sands for, ii. 147 
impurities in sands for, ii. 147 
preparation of sarni for, ii. 161 
refractoriness of sands for, ii. 148 
resistance to temperature changes 
of, ii. 1.50 

shape of sand grains for, ii. 149 
size of sand grains for, ii. 150 
.sources of sand for, i. 55, 93 ; ii. 

143, 145-147 

specific gravity of sand for, ii. 149 
testing sand for, ii. 151 
Fireproof ware, ii. 154 
Fire-sand, i. 1, 86, 89, 104 

use of, for furnace linings, ii. 137 
for refractory materials, ii. 162, 
153 

, Firestone SiJJ, i. 43 
Firtk of Clyde, Ola Red Sandstone 
round, i. 41 
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Firth of Tay, Old* Red Sandstone 
round, i. 41 

Fittleworth, FolkeBtone<mndH at, i. 63 
Flimby, silica rocks at, i. 60 
Flint, i. 174 

effect of heat on, i. 227 * 
for chemical purposes, ii. 185 
fusibility of, i. 231 
glass, sand for, i. 65 
specific gravity of, i. 221 
Flintshire, pocket sands in, i. 43, 186 
silica rocks in, i. 46 , 116 
Flinty sand, i. 210 
Flitwick, Lower (Ireensand at, i. 64 
Float stone, i. 175 
Floatation, purification by, i. 425 
Floating bricks, ii. 20 
Flocculation, effect of, on elutriation, 
i. 254 

Floor of pit or quarry, i. 276 
Floor sand, ii. 77, 121 
clay in, ii. 95 
moisture in, ii. 100 
V sieves for, ii. 114 
size of grains in, ii. 107 
“ Flotation.” See Floatation 
Flour as bond in moulding sands, ii. 
117 

Flow of sands, i. 225 
determination of, i. 267 
Fluid inclusions in sand, i. 171 
Fluoride of calcium in apatite, i. 199 
Fluorite, i. 208, 224 
Fluorspar, i. 191 , 809 , 231 
Fluviatile sands, i. 28, 104 
Fluvio -glacial sands, i. 34 
-marine deposits, i. 30 
Fluxes — 

effect of, on inversion of silica, i. 
228 

in brick-making sands, ii. 3 
in furnace sands, ii. 140 
in moulding sands, ii. 96 
in sands for fire-bricks, ii. 147 
for glass-making, ii. 198 
for refractory purposes, ii. 147 , 
149, 163 

for silica bricks, ii. 147 
Fluxing, sand for, ii. 129 
Foliated sand, i. 210 
Folkestone sands, i. 62, 63, 118-119 
for brick-making, ii. 3 
for furnace liearths, ii. 137 
minerals in, i. 181, 804 
Fontainebleau sand, i. 65, 78 , 119, 201 
chemical analysis of, ii. 90 , 195 
mineralogical composition of, ii. 91 
shape of grains in, ii. 199 
size of grains, in, ii. 200 i 

use of, for glass-making, ii. 105 
Foraminiferal sands, i. 33, 35, 104 


Fordingbridge, Bagshot6eds at, i. 71, 
81 , 116 

ftlird’s stone, jii. 20 t * 

Forest Marble beds^i. 58 

Forest of Dean, bastard ganister in, 

i. 110 

Formation of clay, i. 16 
of placers, i. 29 
of sand hills, i. 24 
of sands, i. 2 

of Secondary deposits, i. 20 
of Tertiary deposits, i. 2 1 
Formby, sand dimes at, i. 28 
Forms of silica in sands, i. 173 
Forrest, ii. 65 

Fort McMurray, oil sands at, i. 131 
Foundations, uses of sand in, ii. 73 
Foundry sands. See Moulding sands 
Foundrymen’s Association, fineness 
tost, i. 213 

Fourstones silica rock, i. 43 
Foyle River, shore sands, i. 77 
Frame sieves, i. 445 
France ■ 

asphaltic sands in, i. 81 
diatomaiioous earth in, i. 97 
gaize in, i. 148 
loess in, i. 31 

phosphate sands in, i. 132 
pozzuolana in, i. 1 36 
silver sand in, i. 159 
standard sand in, i. 163 
Free silica, i. 173 
Freestone, i. 148 
French sand- - 
iron in, ii. 99 
red, ii. 90, 91 

size of grains in, ii. 107, 109 
use of, for foundries, ii. Ill 
for furnace hearths, ii. 137 
for gloss-making, ii. 194, 195 
yellow, sizes of grains in, ii. 109 
Freshfield, sand dunes at, i. 25, 27 
Freygang washer and separator, i. 
390 

Friable rock, i. 210 » 

Friction sands, use of, ii. 229 
Frink, ii. 196 
Frome — 

(Ireat Oolite at, i. 59 
Lias round, i. 57 
Lower Oolite at, i. 58 
Frost, effect of, on rocks, i. 9, 10 * 
Froth floatation, purification by, i. 
425 

Fruo vonner, i. 419 

Fulham, (grading pf road sands at, 

ii. 67 

Fuller andcjThompson, ii. 37 
Fuller’s earth, i. *o9 
grading graph, i. 216 
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i^ urnaco noftrths - 

construction of, ii. 133 _ 

sourcos*of saitd for, i^l, 45, 47, #8, 
49, 64, 71, 76, 77, 104, 110, 
121, 135, 141 ; ii. 137 
Furnace linings — 
sources of sand for, i. 39, 41, 42, 
44, 46, 47, 48, 49, 51, 52, 63, 
64, 104, 105, 111, 143, 153, 
154; ii. 129, 137 
use of sand for, ii. 129, 132 
Furnace paint, ii. 158 * 

Furnace sands - 

composition of, ii. 138 
graded, ii. 142 
impurities in, ii. 139 
preparation of, ii. 142 
properties of, ii. 138 
refractoriness of, ii. 138 
shape of grains in, ii. 141 
si/o of grains in, ii. 141 
testing, ii. 143 
Furnaces 

blast, sand for, i. 51 
reverberatory, i. 437 
rotary, i. 437 
Fused alumina, ii. 158 
quartz, i. 176 ; ii. 192 

-ware, sand for, ii. 190, 200 
sand, ii. 154 

silica, reversion of, i. 230 
-ware, ii. 192, 200 
-ware, sand for, ii. 196, 200 
Fuses for explosives, i. 305 
Fusibility - 

of alumina-silica mixtures, i. 195 
of calcium - phosphate - silica mix- 
tures, i. 199 

of lime-silica mixtures, i. 192 
of mica-quartz mixtures, i. 187 
of orthoclase - quartz mixtures, i. 
185 

of sand, i. 230 
of silica, i. 229 

of titanium oxide - alumina mix- 
tures, i. 197 
-silica mixtures, i. 197 
of various minerals, i. 231 
Fusible sands, i. 104 
Fusio^ jjoint, i. 232 
range, i. 232 

GfSbbro, i. 3, 4 
Gair limestone, i. 4^ 

Gaize, i. 148 
Galena, i. 224 
Galway, granites*in, i. 4 • 
metaraorphic rocks in, i. 39 
Ganges, detritus carried Hy, i. 30 
Ganistor — * 

as opener, ii. 118 


G an iste r — cont i nued 
bastard, i. 105, 107 
iS'cc aiso<^5ani8ter, sonnies of 
sources of, i. 48, 49, 51, 104, 141, 
151, 153, 154 
true, i! 105 

Ganister bricks, i. Ill ; ii. 144 
sand for, i. 44 
compositions, ii. 156 
mixture for steel works, i. 110, 111, 
143 

sand, i. 50, 111, 135 
sources of, i. 42, 46 
Gardner & Sons. Win., i. 453, 454 
Garnet, i. 20, 29, 111, 115, 188, 208, 
209, 224, 23 1 

Garnet paper for cabinet w«jrk, ii. 221 
for woodwork, fineness of. ii. 221 
Garnet sands, i. 1 1 1 
as abrasives, ii. 210 
Garngad “rotten rocks,” i. 48, 131, 
163; ii. 113 

use of, as moulding sand, ii. 1 13 
Garnkirk “ rotten rocks,” i. 48, 131 
use of, as moulding sands, ii. 113 
Garstang, Millstone Grit at, i. 46 
Garth Mine, silica rocks at, i. 152 
Gartverrie, silica rocks at, i. 48; ii. 
137 

Gas inclusions in sand, i. 171 
-making, use of sand in, ii. 228 
sands, i. 112 

works, sand for, i. 51, 154 
Gault, i. 65 
clay, i. 61 
.soil, i. 161 

Gauze screens, i. 444 

Gayton, Lynn sand at, i. 64, 65, 120, 

121 

Gee, W. J., i. 408 
Geikie, i. 24 

Gelatinous silica, action of acid on, 

i. 204 

Gels, colloidal, formation of, i. 18 
Gem gravels and sands, i. 93, 118 
Georgia, diamonds in, i. 114 
German yellow sand, sizes of grains 
in, ii. 109 
Germany — 

amorphous quartzites in, i. 143 ; 

ii. 151 

diatomaceous earth in, i. 96 
filter sands used in, ii. 180 
geysorite from, for glass-making, 
ii. 195 

limonite in, i. 189 
standard sand in, i. 163 
Getting the sand or rock, i. 277 
i Geyserito, i. ^6, 169;i 174, 175 
efibct of heat on, i. 227 
specific gravity of, i. 221 
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Goyserite — continued 

use of, for furnace linings, ii. 137 
for glass-making, iij»'l95 
Giant’s Causeway, trap rocks on, i. T) 
Gilbert conical screen, i. 450 
Gilligan, i. 217 * 

Gilpin County (concentrator, i. 419 
Glacial tiction on rocks, i. 9, 11 
drift, i. 34, 74-76 
sands, i. 33, 74, 115 
as abrasives, ii. 222 
as moulding sands, ii. Ill 
for concrete, ii. 24 
for glass-making, ii. 194 
Glamorganshire - 
Dinas sand in, i. 100 
sand dunes in, i. 20 
silica rocks in, i. 44, 47, 48, 52, 
142, 154 

use of, for furnace hearths and 
linings, ii. 137 
Glasenapp, ii. 13 
Glasgow — 

glacial sands at, i. 70 
moulding sands used at, ii. 113 
“ rotten roiiks ” near, i. 45 
silica rocks near, i. 45, 48 
Glass — 

colour of, effect of iron on, ii- 197 
effect of alumina on, i. 183 ; ii. 190 
nature of, ii. 192 
purposes of sand in, U. 193 
strength of, effect of alumina on, 
i. 183 ; ii. 190 
Glass-cutting sand, i. 88 
paper, sand for, ii. 209 
recipes, ii. 193 
Glass -making — 

sources of sand for, i. 39, 40, 4L, 
44, 45, 46, 48, 49, 50, 53, 55, 
58, 59, 01, 03, 64, 05, 07, 68, 
71, 72, 73, 77, 82, 104, 115, 
119, 120, 121, 1-23, 132, 13.5, 

138, 139, 141, 144, 1.50, 151, 

153, 158, 100, 103, 105, 108, 

187, 210; ii. 194 

uses of .sand in, ii. 192 
Glass-making sands — 
alkali in, ii. 198 
alumina in, i. 183 ; ii. 196 
burning, i. 434 
clay in, ii. 199 
composition of, ii. 195 
drying, ii. 204 
felspar in, ii. 199 
grinding, U. 2(}1 
impurities in, ii. 190 
iron compounds in, ii. 197 
lime in, ii. 198 * 

magnesia in, ii. 198 
moisture in, ii. 199 


G 'ass - making san d s —corttinued 
lorganic matter in, ii. 198 
wireparatioi^ of , ii. 2^)1 « 

purifying by waslpig, ii. 203 
screening, ii. 202 
shape of grains in, i. 221 ; ii. 199 
size of grains in, ii. 199 
soluble salts in, ii. 199 
specification of, ii. 201 
storage of, i. 472 
testing, ii. 204 
wftshing, ii. 203 

Glassy minerals in samls, i. 170 
Glastonbury, Lias at, i 56 
Glastonbury Tor, Midford sands on, 

i. .59 

Glauconite, i. 02, 118, 180, 189, 209 
in moulding sands, ii. 99 
sands, i. 05, 116, 104 

as sources of potash, ii. 180 
for water softening, ii. 230 
Glaucophane, i. 179, 189, 208, 209 
Glazes, sand for, ii. 190 
Glen Orchy quartzites, i. 39, 139 
Glen Shira, Bann clay in, i. 82 
Glen Uig, diatornaceous earth in, i. 97 
Glenboig, “ rotten rocks ” at, i. 153 ; 

ii. 113 < 

silica rocks at, i. 45, 131, 151 

Glenboig ganister, i. 48; ii- 137 
chemical analysis of, ii. 90 
mineralogical analysis of, ii. 91 
(jjlobigerina oozes, i. 32 
sands, i. 35 

Glory hole method of mining, i. 308 
(illossop’s ganister, i. 49, 110 
Gloucestershire — 

Lias in, i. 50 
Lower Oolite in, i. 58 
Midford sands in. i. 00 
(jlucose as bond in mo\dding sands, 
ii. 117 

Gluten as bond in moulding sands, 
ii. 117 
Gneiss, i. 39 
Godstone — 

abrasive sands at, ii. 222 , 

brick-making sands at, ii. 3 
furnace sand at, ii. 137 ‘ 

Lower Greensand at, i. 63, 116, 
118-119, 435 ‘ 

Upper Greensand at, i. 02 
Goothite, i. 10 * 

Gogmagog Hills, glacial beds on, i. 
74 

Gold, properties of, i. 200, 224 
Gold casticg, sands-for, ii. 112 
placers, i. 29, 117, 133 
hydraiilicking, i. 292 
Gold Coast, gold<placers on, i. 117 
Gold Hill, silica rocks at, i. 44, lf9 
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Goose Wong* Road, Bun ter sands . 

i. 54 

Gorebridi^, silija roeksgat, i. 45 
Gorleston, glueia^sands at, i. 76 
Gornal atone, i. 50, 51, 154 
use of, as abrasive, ii. 222 
Gosport, Bunter beds at, i. 72 
Grab excavators, i. 280, 287 
Grading, elTect of, on porosity of 
concrete, ii. 30 
of fine sands, i. 407 
of sand, i. 210 * 

standards of, i. 210-217 
unsuitable, defects caused by, ii. 18, 
19 

Grading action of wind, i. 22 
Grading sands, i. 441 

for abrasives, ii. 224 
f«w*aaphalt-concrete pavements, 

ii. 68 

for a.sphalt pavements, ii. 66 
for bitulitliic pavements, ii. 68 
for cements, ii. 51, 52 
for concrete, ii. 35, 40 
for filters, ii. 179 
for furnace hearths and liiiings, 
ii. 142 

for glass-making, ii. 199 
for iime-aand bricks, ii. 14-16, 18 
for mast ic pavements, i. 69 
for mortars, ii. 50, 51 
for moulding sands, ii. 105 
for plasters, ii. 58, 59 
for refractory cenvcnts, ii. 158 
for roads, ii. 63 
for silica biicks, ii. 1.50 
for soils, ii. 163-166, 169, 170, 
171, 172 

tests of sands, i. 246 
Graianrhyd, silica rocks at, i. 46 
Grain-size of sands. See Size of 
grains 

Grampians, granite in, i. 3 
Old Red Sandstone in, i. 41 
Granham’s Moor, St i[)erstones quartz- 
ites,* i. 41, 141 
Granite — 

distribution of, i. 3 
sands for concrete, ii. 24 

moulding sands, ii. 105 
solu?>le salts removed from, ii. 

• 168 

Granitic rocks, distribution of, i. 3 
Grant, ii. 46 - 

Granulators, i. 348^ 

Graphitoidal silicon, preparation of, 
ii. 183 • • 

Grassby, Lower Greensand at, i. 65 
Grasses for bindii^ dufce sand, i. 

25 ^ 

Gr^ings as screens, i. 445 


Gravel — 

deftnition of, i. 2, 211 
roads, ii. 64 

size of particles in, i. 1, 211 
washiiu; of, i. 385 
Gravity haulage, i. 314 
Grtnised plate floatation process, i. 125 
(Jreat Bedwin, Kocene strata at, i. t)6, 
68 

Great Bookham, Reading beds at, 
i. <59 

Groat Fawley, Kocene strata at, i. 66 
(Jreat Oolite, sands in, i. 59 
(Jreat Weldon, estuarine saiuls, i. 31 
Greenaway waslu'r, i. 386 
(Jreenhill, ganister at, i. 48 
Greenmail, R. S,, ii. 29, 36 
Green sand moulding, ii. 76 
sands, i. IIS 

for moulding, ii. 77 
Greensand, i. 60, 61, (i2, 118 
as source of potash, ii. 186 
cause of colour of, i. 267 
minerals in, i. 181, 182, 1 86, 1 89, 2t)3 
use of, for furnace hearths and 
linings, ii. 137 

for glass-making, ii. 194, 196 
for lime-sand bricks, ii. 10 
for moulrling, ii. Ill, 112 
for pottery manufacture, ii. 190 
for water softening, ii. 230 
Green.sand bods, i. 60, 61, 62 
soils, i. 161 ; ii. 166 
Gresford, Permian beds at, i. 52 
Grey .sands, i. 121 
(Jreyw'acke, i. 148 
(Jrids, for screening, i. 445, 446 
Griffin mill, i. 371 

Grimsby docks, bricks used in, i. 150 
Grinding, i. 363 

effect of, on inversion of silica, i. 229 
sand for, i. 88 

for abrasives, ii. 223 
for chemical purposes, ii. 187 
for concrete, ii. 40 
for e.xplosives, ii. 227 
for glass-making, ii. 20 1 
for lime-sand bricks, ii. 17 
for moulding .sands, ii. 122 
for refractory purposes, ii. 158 
wet materials, i. 380 
Grindstones, i. 374 

for wot grinding, i. 381 
“Grit,” definition of, i. 211 
Grit of abrasives, ii. 217 
Grit or gritstone, i. 148 
Grizzly screen, i. 446 
as feeder, i. 362 
•Grog, ii. 4 • • 

Grouhd ganister, i. Ill, 154 
Guest, J. J., ii. 218 
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Guildford, Lower Greensand at, i. 63 
Guisoley silica rock, i. 49, 116, 153, 435 
“ Giis ” pendulum rnillf i. 373 
Gypsum, i. 191, 208, 209, 224, 231 
plasters, ii. 55 ^ 

Gyratory crusher, i. 350, 351 

Habberley, Stiperstones quartzite 
near, i. 41 

Hadhelds. Ltd., i. 347, 348, 350, 351 
Hadleigli, Kocene st rata at, i. 67, 70 
Haematite, i. 10, 189, 208, 209, 224, 
231 

Hafod, silica rocks at, i. 44, 153 
Hailes, silica rock at, i. 45, 151 
Haldon, Upper Greonaarid at, i. 131 
Halifax, Hard Mine coal, ganister 
beneath, i. 49 

Halkyn, pocket sands at, i. 43 
Hall, A. D., ii. 164, 172, 173 
Hall, C. E. V., i. 355, 373, 453 ; ii. 159 
Halloyaite, i. 183, 208 
Httltwliistle, silica rocks at, i. 46 
Ham Hill, Midford .sands at, i. 59 
Harnbleton, Lias at, i. 56 
Hammer drill, i. 300 
Hampshire — 

Bagshot beds in, i. 81, 131 
Barton beds in, i. 72, 82, 116 
glass sands in, ii. 194 
Lower Greensand in, i. 63 
Oligocone sands in, i. 132 
soil, i. 161 

Tertiary beds in, i, 66 
Upper Eocene beds in, i. 70 
Woolwich and Reading beds in, 
i. 67, 69 

Hampstead, Bagshot sands at, i. 70 
Hamstead bods, i. 1 32 
Hamsterley, bastard ganister at, i. 
109 

Hand labour v. mechanical appliances, 
i. 343 

Hand-picking rocks, etc., i. 384 
Hanley, H. B., i. 245 
Hanover sand, ii. 91 
Haraeus, i. 227 

Hard ganister in Estuarine Series, i. 

110, 155 
Harder, i. 246 
Hardinge ball mill, i. 367 
Hardinge Co., i. 366, 367 
Hardness — 

of abrasives, ii. 213 
of emery, i. 102 
of minerals in sands, i. 209 
of sand for cements and mortars, ii. 
52 

for concrete, ii. 39 ' 
for roads, ii. 63 ' 

Hardy & Padmore, i. 386, 409 


Jtf'ardy Patent Pick Co.,* Ltd., i. 298, 
Y .300 

If irofield, Rtrxding bids at| i. 68 
Harlan County (^^braska), pumice 
sand in, i. 137 

Harperley, silica rock at, i. 44, 149 
Harrington, glacial sands at, i. 76 
rocking cableway, i. 281, 471 
Harrogate, spring and well waters at, 
i. 17 

wind- worn rocks at, i. 10 
Hafrow, Bagshot sands at, i. 70 
Hart, E., ii. 186 
Hartliope silica rock, i. 43 
Hartington, pocket sands at, i. 43 
Hartlepool, blown sands at, i. 77, 83 
Hartshill quartzite, i. 40, 141 
Hartwecl, Lowei- Greensand at, i. 65 
Harwood, H. F., i. 156 
Harz jig, i. 421 

Haslemere, Folkestone beds at, i. 62 
“ Hassocks,” i. 63 
Hassock’s tJato, i. 63 
Hastings beds, i. 61 
sands, i. 60, (H, 121 
soils, i. 162 ; ii. 165 
Hatfield Park, Beading beds at, i. 68 
Hauber, M., ii. 186 * 

Haulage, i. 309 
along rails, i. 3 1 1 
by gravity, i. 315 
endle.s8, i. 312 
main and tail, i. 312 
ropes for, i. 315 
single rope, i. 311 
Havant, Eocene beds at, i. 66 
Hawaiian Islands, shore sand in, i. 
180 

Haycot, Old Rod Sandstone at, i. 41 
Haydon Bridge silica rock, i. 131 
use of, for furnace hearths and 
linings, ii. 137, 142 
for moulding sand, ii. 113 
Hayes, F. A., ii. 100 
Heacham, Lower Greensand at, i. 64 
Head, Wrightson & Co., Ltd., i. 455 
Headon Hill beds, i. 72 ♦ 

sands, i. 72, 132 ^ 

Heaped sand, volume- weight of, i. 
222 

Hearth furnaces, i. 437 
sands. (S’ee Furnoc-e sands 
Heat — 

effect of, on colour, i. 207 
on impuritie.s, i. 205 
on pure silica, i. 232 
on safids, i. 226 

Heat-resistance, determination of, i. 
260 ^ 

Heated sands, c(flour of, i. 144 
HeathReld, Hastings beds at, i. 61 
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Heating, repeated, effect of, 

ailiea, i. 227 ^ 

Heating sands lind sai.?l rocks. *i’c 
Calcinatiot 

volume -changes on, i. 233 
Heavy liquids, specific gravity of, i. 
257 

use of, i. 257 

Heavy minerals in sands, i. 217 
soils, ii. 173 

Hebrides, met amorphic rocks in, L 39 

Hecht, i. 194 

Heck— 

Buntor sands at, i. 55 , 131 ; ii. 112 
size of grains of, ii. 107 
glacial sands at, i. 7(5 
Hcdgerley, Reading beds at, i. (5S 
Hedsor, Heading beds at, i. (58 
HenffiShiil, Bimler sands at, i. 55 , 
131 ; ii. 112 

Hendon, Bagshot sands at, i. 71 
Henning, i. 234 

Hensall, Bunter sands at, i. 55 , 131 ; 
ii. 112 

Hensbarrow district, granite in, i. 9 
Hepburn Conveyor Co., J.(td., i. 334 
Herefordshire, Old Red Sandstone in, 
• i. 41 

Hertford, Eocene beds in, i. fiti, 08 
Hessian crucibles, ii. 1.52 
Hessonite, i. Ill 

Hexham, silica rocks near, i. 4(5 ; ii. 
137, 142 

Hickenham, Reading beds at, i. (58 
High Harrington, silica rocks at, i. 4(5 
High Peak, pocket sands in, i. 135 
Highbeoch, Bagshot Ix^ds at, i. 70 
Higher Bebington, Keuper VV'^ater- 
atones at, i. 53 

Highgate, Bagshol beds at, i. 71 
Hindhead, Lower (Ireensand at, i. (50 
Hirwaun, silica rock at, i. 48, 142 
Hiscox, W. A., Ltd., i, 458 
Hodgson, ii. 47 

Hog’s Back, Rea<ling beds at, i. (59 
Hohonboc&e sand, i. 73, 201 
• effect of heat on, i. 227 
Hoilborn, i. 234 
Holland — 

san4 dunes in, i. 20 
minerals in, i. 180, 188 
Iprass in, i. 105 

Hollingboume, glass sands at, i. 1 1(5 
Lower Greensari'j^ at, i. (53, 1 1 0, 

118, 119 

Hollow ware, refractory sand for, ii. 

152 • ^ 

Holmes, i. 221 

Holyhead Mountain qua;ftzite, i. 39, 
139 , 140 ; in 137 
Horizontal dryer, i. 410 
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Hornblende, i. 3, 4, 0, 10, 179 , 189, 
208, 209, 224, 231 
action of aJiid on, i. 204 
.soda on, i. 204 
granitfj, i. 4 
schists, i. 39 

Hornchurch, glacial drift at, i. 75 
Horne, Bagshot beds at, i. 71 
Kornstone, i. 175 

Horses and carts for haulage, i. 309, 
340 

Horsley, Fbigshot beds at, i. 71 
Hot flof>r dryer, i. 408 
Hour-glasses, sand for, i. 143, 1(57 ; 

ii. 229 

How Mill, Bunt(‘r sand at, i. 55 
Hiibnerite, i. 198 

Huddersfield, Haril Mine ganistor at, 
i. 49, 106 

“ white flint ” at, i. 155 
Hull, ii. 113 
Humber - - 

Lias across, i. 50 
J.,ow(^r Oolite across, i. 58 
Humber silt, i. 159, 1(57 
warp, i. 159, 1(57 

Humic acids, actioti of, on rocks, i. 18 
on sands, i. 20(5 
Hum-mer scretm, i. 450 
Humus, forrraition of, i. 18 
Hunan, tungsten-bearing sands in, 

i. 1(50 

Hungerford, Reading beds at, i. 09 
Hun.stanton, Lower (Jreensarul at, i. 
04 

Huntingdonshire, Lower Oolite in, i. 
58 

silt in, i. 33 

Huttons Ambo sand, i. 59, 108 , 104 
(ihemical cort)position of, ii, 90, 19(5 
minerals in, i. 175 ; ii. 91 
size of grains of, ii. 107, 109, 200, 
201 

use of, for gla.ss-making, i. 110; 

ii. 194-196 

for moulding sand, i. 131 ; ii. 

Ill, 112 

w'asljed, ferric oxide in, ii. 203 
Hyalite, i. 175 
Hydraulic stripping, i. 278 
Hydraulicking, i. 290 

material removed by, i. 292 
removal of overburden by, i. 278 
Hydrochloric acid, oertion of, on 
sands, etc., i. 205 
Hydrogen-ions in water, i. 17 
Hydrolysis of minerals, i. 17 
Hydrophane, i. 175 
^Hydroxyl-iohs in water, i. 17 
HypabySvSal rocks, i. 2, 4 
Hyperathene, i. 179. 189, 208, 209, 224 
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Typogenic action on rocks, i. 7, 8 
Tythe, Lower Oreensarui at, i. 63 
Wealden beds at, i. 6(5 
dythe beds, i. 63 

« 

ce, action of, on rocks, i. 11 
[celand— 

jialagonite tuff in, i. 166 
siliceous sinter in, i. 159, 175 
volcanic dust from, i. 24 
Idaho, monazite sand in, i. 128 
p urn ice sand in, i. 137 
(lentitication of forms of silica, i. 177 
Igneous rocks from which sands are 
derived, i. 2 
soils from, i. 162 

Lie de Groix, shore sands of, i. 179 

llmenite, i. 20, 29, 196, 209, 224 

[.M.M. standard sieves, i. 247 

Imperial stone, ii. 2(J 

Impure sand, effect of heat on, i. 232 

Impurities 

in quartzites, i. 138 
in sand, effect of heat on, i. 226 
on refractoriness, i. 232 
in sands for abrasives, ii. 212 

for l)rick-making, ii. 2, 3, 4, 5, 6, 7 
for cements, ii. 48 
for chemical })urposes, ii. 187 
for concrete, ii. .30 
for lilters, ii. 178 
for fire-bricks, ii. 147 
for furnace hearths and linings, 
ii. 139 

for glass-making, ii. 196 
for lime-sand bricks, ii. 10 
for mortars, ii. 48 
for moulding, ii. 89 
for plasters, ii. 57 
for roads, ii. 62, 7 1 
for silica bricks, ii. 147 
in sandstones, i. 147 
Inchne\ik Quarry, “ rotten rocks ” at, 
i. 153 

Inclined dryers, i. 410 
Inclusions in sand grains, i. 171, 219 
Incoherent sand, i. 210 
India - 

alluvial fans in, i. 29 
corundum in, i. 93 
diamonds in, i. 113, 114 
garnet in, i. Ill, 112 
monazite sand in, i. 128 
regur in, i. 31 
zircon sands in, i. 168 
Indiana, monazite sand in, i. 128 
Indurated stone, ii. 20 
Inferior Oolite, sands in, i. 59 
Infusorial earth, /. 122 
Ingersoll-Rand Co., Idd., i. 294,' 299, 
301 


l/granic magnetic separator, i. 430 
lAsley, i. 229 

IiiUitute of Whitish iYtchitects, ii. 3*1 
Institution of Structural Kngineers, 
ii. 32 

Insulating materials, ii. 20 

sources of sand for, i. 128, 137 ; 
ii. 20 

Insulating power of kicselgidir, i. 98 
Insulators, use of sand in, ii. 74 
Intt^-Iocking of sand grains, i. 225 
Interstices in sand, i. 222 
Inverness - shire, glacial drift in, 
i. 75 

rnctamorphic rocks in, i. 39 
Inversion of silica, i. 230 

effect of temperature on, i. 228 
Iowa, pumice sand in, i. 137 
Ipswich 

Eocene beds at, i. 67 
glacial sands at, i. 76, 115 ; ii. 1 II, 
137 

glauconite sand at, i. 164 
Ireland — 

Bann clay in, i. 82 
bastard ganister in, i. 107 
bole in, i. 84 
ibudor sands of, i. 85 
minerals in, i. 180, 196 
Chalk sands of, minerals in, i. 181 
glacial drift in, i. 75 
sands in, i. 115 

glass sands in, i. 75, 115 ; ii. 195 
granite I'ocks in, i. 3, 4 
Greensand in, i. 65 
kieselgulir in, i. 97 
moulding sands in, i. 131 
pocket sands in, i. 43, 134 
quartzites in, i. 39, 40, 140, 435 ,, 

sandstones in, i. 40, 41, 42, 49, 50, 
53, 131, 151, 154 
schists in, i. 156 
shore sands in, i. 77, 157, 158 
trap rocks in, i. 5 
vein quartz in, i. 39 
Iridium, i. 200 
sources of, i. 1 33 
Iridosmine, i. 200 
Iron — 

a cause of colour, i. 206 
effect of. on colour, i. 207 
in sands, importance of, i. 203 
Iron-calcium compounds, i. 193 
casting, facing <^’ands for, ii. 121 
sands for, ii. 1 1 2 
Iron compounds— 

effect oiP-on furntitee sands, ii. 139, 
140 

in filter sAnds, y. 178 
in glass-making sands, ii. 197 
in moulding sands, ii. 98, 99 
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Iron componhda— continued 
in sands, i. 188 

effect of, i.*' 190 '■ ' 

in soils, ii. 107 

removal of, from kieselgulir, i. 4311 
Iron-free minerals, i. 224 
Iron niobate, in tantalilo, i. 195 
oxide as a jjolisbing agent, ii. 210 
effect of, on inversion of silica, 
i. 228 

effect of, on refractoriness of 
sands, i. 232 

oxides, action of acid on, i. 205 
pyrites, i. 224 
sands, i. 122 

silicate in glauconite, i. 02 
tantalate in lantalite, i. 195 
tungstate, i. 198 
Iron-^re beds, i. 189 
Irwell, H., sand carried by, i. 20 
Isefiia, volcanic sands from, i. 30 
isle of Anglesey, quartzites in, i. 39 
Isle of Eigg, shore sands in, i. 40 
Isle of Islay — 

glass sands in, i. 157, 158; ii, 194 
quartzites in, i. 39, 139 
shore sands in, i. 157, 158 ; ii. 194 
fisle of Jura 

glass sands in, ii. 194 
quartzites in, i. 39, 40, 139 
slu)re sands in, i. 77, 158 ; ii- 191 
Isle of Portland, Portland beds in, 
i. 57 

Isle of Purbeck, Greensand in, i. (53 
Isle of Skye 

Hann clay in, i. 82 
KtJlaways beds in, i. 58 
kieselguhr in, i. 97 

Lsle of Tiianet, Tlianei sands in, i. 103 
Isle of Wight 

Bagshot sands in, i. 81, 82 
Eocene beds in, i. 00, 70 
glass sands in, i. 82, 1 10 
Greensand in, i. 02, (53 
Ileadon Hill sands in, i. 72, 132 
Wealden beds in, i. (5(( 

Isntropie minerals, i. 208 
Italy, kio.selguhr in, i. 90 

Jacks(^, W., i. 211 
Jaipur States, garnet in, i. Ill 
Jar^y floatation proce.ss, i. 425 
Jaw-crusher, i. 347 
Jigging conveyors, i j 330 
screens, i. 455 
Jigs, i. 420 
Joachim, J., ii. 53* 

Johnstone, S., i. 129 
Joints, expansion, in roadi, ii. 69 
Jurassic sands, i. 5^ 1^52 
uoB of, in brick-making, ii. 6 


Jura.ssic .sandstones, i. 154 
Jutland, sand dunes in, i. 25 

K. & K. lloatatioTi proci'ss, i. 425 
Kahlbaujn, hvtirated silica from, i, 
227 

Kampmann, ii. 1 1(5 
Kansas, pumiet* sand in, i. 137 
Kaolin, i. 184 

Kaolin-bearing .sands, i. 72 
Kaolin isat ion, i. 1(5 
Kaolinite. i. 184. 208. 209, 231 
Kar. C. P., 2(55 

Kedah, monazite sand in. i. 129 
Ked<lleston, Punter b«‘ds in, i. 51 
Kelantan, nmnazite sand in, i. 129 
Kellaways beds, i, 58 
Kellaways sands, i. 58. 122 
limonite in, i. 189 
use of. for glass-making, ii. 194 
for moulding, ii. 112 
Kedlow Water, sandstones at. i. 49 
Kenilworth. P«arnian beds at, i. 52 
Kensinglanil, glacial sands at, i. 70 
Kent — 

alluvium in, i. 80 
brick-making sand in. ii. 3 
Eocene, beds in, i. (5(5, (57, 131 
glass sands in, i. 1 1(5 
Greensand in, i. (52, (53, 1 1 (5. 118 
Hustings sands in, i. 121 
moulding sands in, i. 131, 163 
Thanet .sands in, i. (57, 131, 163 
soils in, ii. 104, 1(55 
Wealden beds in, i. (50 
Kentallen, (juartzite at, i. 40, 139 
us<' of, as abrasive, ii. 222 
K(*rsanlile, i. 3 
Ketley .sandstone, i. 50, 154 
Kettering, estuarine sands at, i. 31 
Keuper be<ls, sands in, i. 52, 123 

use of, for furnace hearths and 
linings, ii, 137 
marls, i. 43 
.sandstone, i. 27 
waterstones, i. 53, 123 
minerals in, i. 182, 190 
Khotun, soil in, i. 100 
Kidderminster - 

Hunter sands, i. 55< 131 
chemical analysis f)f, ii. 90 
mineralogical comjjosition of, ii. 
91 

size of grains in, ii. 108 
moulding .sands, i. 131 ; ii. 80, 90, 
91, 108 

Permian la^ds at, i. 52 
Kidsgrovo, Crowstoravs at, i. 152 
Kidwelly, quartzites -at, i. 47, 48, 142 
irse of, for furnace hearths and 
linings, ii. 137 
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Kieselguhr, i. 96, 17^ 
as an abrasive, ii. 209 
bricks, ii. 145 * 

calcination of, i. 98, 434 
colour of, i. 97 
for chemical purposes, ii. 185, 187 
for explosives, ii. 226 
for insulators, ii. 20 
for moulding, ii. 78 
melting point of, i. 98 
removal of iron from, i. 433 
uses of, i. 99 
Kiesolsinter, i. 159 
Kildownet, quartzites at, i. 39 
Killas, i. 24 
Kilns — 

continuous, i. 437 
downdraught, i. 436 
for calcining sand rocks, i. 435 
Newcastle, i. 437 
rotary, i. 438 

sand for protecting goods in, ii. 136 
repairing, i. Ill 
updraught, i. 436 

Kilwinning, moulding sands at, i. 131 
sandstones at, i. 45, 160 
Kimberley, diamonds at, i. 113 
Kimeridgo clay, i. 57 
soils, i. 162 ; ii. 166 
King, ii. 171, 173 
Kinghorn, silica rocks at, i. 42 
King.scavil, silica rocks at, i. 45, 151 
Kingsclcre, Eocene bods at, i. 69, 70 
Greensand at, i. 62 
Kings Lynn sand, i. 64, 120 
chemical composition of, ii. 90 
mineralogical composition of, ii. 91 
use of, for brick-making, ii. 3 
for moulding, ii. 90, 9 1 
for pottery manufacture, ii. 190 
Kings Moss, glacial sands at, i. 75 
Kinta Valley, tungsten-bearing sands 
in, i. 166 

Kirkaldy & Son, ii. 32 
Kirkby Steplion, Permian beds at, i. 51 
Kirshangarh, garnet schists at, i. Ill 
Klein, i. 229 

solution, use of, i. 258 
Knitsley Fell, silica rocks at, i. 50, 
109, 162 

Knowle Hill, Reading beds at, i. 69 
Koch, ii. 178 
Korting washer, i. 397 
Krakatoa, volcanic dust from, i. 36 
Krehbiel’s elutriator, i. 254 
Kwangsi, tungsten-bearing sands in, 
i. 166 

Kwantung, tungsten -bearing sands 
in, i. 166* ‘ « 

Kyanite, i. 20, 181, 208, 209, 22r4 
action of acid on, i. 204 


Labradorite, i. 6, 208, 231 
Uberoix, i. 229 
Lacustrine saipds, i. ,‘U, 124' 

Ladder conveyors, 403 
excavators, i. 280, 290 
Ladles, sand for, ii. 134 
Laggas Bay, shore sands in, i. 157, 158 
Laig Bay, shore sands in, i. 157, 158 
Laingdon Hill, Bagshot beds on, i. 70 
Lake and Rastall, i. 163 
Lake Geneva, filtering action of, i. 31 
Lal^e sands, i. 31 

use of, for concrete, ii. 23 
Lammermuir Mountains, trap rocks 
in, i. 5 

Lampadite, i. 167 
Lanarkshire - 

bastard gnnister in, i. 107 
moulding sands in, i. 131 ; ii.* 1 13 
sandstones in, i. 45 
Lancasliire - 

abrasive sands in, ii. 222 
alluvium in, i. 80 
bastard ganister in, i. 107, 108 
brick- making sands in, ii. 6 
Bunter sands in, i. 53, 54, 55, 86, 
131, 220 ; ii. 108 

ganister in, i. 49, 50, 105, 107 ' 

glacial sands in, i. 75, 91, 116, 116, 
201 ; ii. 227 

glass sands in, i. 116; ii. 194 
Keuper beds in, i. 53 
Millstone Grit in, i. 46 
moulding sands in, i. 131 ; ii. Ill, 
113' 

Permian beds in, i. 51 
pocket sands in, i. 43, 136 
sand dunes in, i. 25, 26, 27, 28 
Landore, ganister at, ii. 137 
Land’s End, granite at, i. 4 
Lanehcad, silica roc^k at, i. 44, 149 
Losaulx, von, i. 177 
Laterite, i. 194 
soils, i. 161 

Laurentian soils, i. 162 
Lawns, i. 442, 445 

Lay-out of quarry or sand-pit, i. 273 
Lead furnaces, sand for, ii. 135 
Leads, deep, i. 133 

Leatherhead, Reading bods near, i. 69 
1^ Chatelier, i. 226, 229, 230, 234 ; 
ii. 151 

Lechatelierite, i. 176 
Leeds, ganister ftt, i. 49, 106 
moulding sandd used at, ii. 113 
Leek, Bunter sands at, i. 54 
Lehigh-Ftfller mill.d. 370 
Lehm, i. 31, , 126 
Leicestershiire — 

brick-making ^nds in, ii. 6 
Bunter sands in, i. 53 
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Leicestershi rS—conli nued 
glacial drift in, i. 75 
Lias in, V 50 • 
oilstone in, i. 
trap rooks in, i. 5 
Leigh, Permian beds in, i. 51 
Leighton Buzzard sand, i. 04, 118. 119 
as standard sand, i. 102 ; ii. 4! 
chemical composition of, ii. 90, 190 
chert in, i. 1 75 

for testing strength of cements, ii 
40 • 

mineralogical composition of, ii. 91 
size of grains in, ii. 107, 109 
use of, for al^rasive piirposcs, ii. 222 
for briok-making, ii. 3 
for furnace h<!arths and linings, 
ii. 137 

f?5r glass-making, ii. 194 
for pottery manufacture, ii. 190 
wasliing, cfYect of, on iron content 
of, ii. 203 

Leith TTill, Greensand beds on, i. 00 
Lenham beds, mica and heavy 
miruMals in, i. 217 
Lenham, Pliocene beds at, i. 73 
Lenton, Hunter sands at, i. 55, 131 
* moulding sands at, i. 131 ; ii. 112 
Lepari Isles, pumice sand in, i. 137 
Lepidolite, i. 186, 208, 209, 231 
Lesmahagow, sandstones at, i. 45 
Leucate sand, i. 103 
Leucite, i. 3, 208 

action of acid on, i. 204 
of soda on, i. 205 
Leucoxene, i. 190 

Lt^vening, Kellaways .sands at, i. 123 
Lovonseat, sandstones at, i. 45, 48, 

. 153 

use of, for furnace hearths and 
linings, ii. 137 
Levigating mills, i. 382 
Lewis, kioselguhr in, i. 97 
Lewistown Foundry Co., U.S.A., i. 403 
Lias, sands in, i. 55, 5t), 124 
Lias soils, i.'l02 
Lirfhfield, Bunter beds at, i. 54 
Lick^y Hill, i. 52, 54 
Lickey quartzite, i. 40, 52, 54, 141 
use o^ for silica bricks, ii. 140 
Lifts, i. 328 
Ligl^ bricks, ii. 20 
soils, ii. 173 

Lightning crusher, i^j^63 
Lightning Crusher ® Pulveriser Co , 
i. 353 

Limburgite, i. 3 
Lime — 

action of, on silica^. 204* 

.effect of, on inversion of silica, i. 228 
•n refractoriness of sands, i. 232 
VOL. II 


Lime conxpounus — 
effect oL on sands, i. 191, 228, 231 
in sands, i. 190 

for brick-making, ii. 3 
for ewnent, ii. 60 
for concrete, ii. 24, 30 
for filters, ii. 178 
for fumaces, ii. 140 
for glass-making, ii. 198 
for lime-.sand bricks, ii. 13 
for mortars, ii. 50 
for moulding, ii. 88, 97 
for plasters, ii. 57 
for silica bricks, ii. 147 
removal of, from .sands, i. 191 
Lime plastem. ii. 55 
Lime-sand bricks, sand for, ii. 9 
Lime, silica and alumina, interaction 
of, i. 191 

-silica mixtures, fusibility of, i. 192 
Limestorie dust, use of, ii. 4 
Limestone in moulding samls, ii. 97 
in sand, offt^ct of, ii. 4, 13 
Limy sands, i. 124 
Limonite, i. 10, 189. 209, 224 
as bond in moulding sands, ii. 110 
colour of, i. 207 
in moulding sands, ii. 99, 110 
LimpsHeld, Folkestone beds at, i. 03, 
119, ISI 

use of, for ftirnace hearths and 
Imings, ii. 137 

Lincoln (.^ounty (Nebraska), [unuice 
sand in, i. 137 
Lincolnshire — - 
alluvium in, i, 80 
brick-making sands in, ii. 0 
estuarine sands in, i. 31 
glacial drift in, i. 75 
sands in, i. 115 
Great Oolite in, i. 59 
Greensand irt, i. 05 
Kellaways beds in, i. 58 
Keuper beds in, i. 53 
Lias in, i. 50 
sand dunes in, i. 20 
warp in, i. 33 
Lindstrum, R. (I., ii. 128 
Link-Belt Co., i. 352, 353, 354, 401, 
402 

Link- Belt de-watering cone, i. 402 
Linlithgow, sandstones in, i. 46, 48, 

151 

Lippe sand, i. 73 

organic matter in, i. 201 
use of, in glass -making, ii. 195 
Li.sti)n, glacdal sands at, i. 115 
Litchfield’s ganister, i. 40, 109 
ifithiuyi chloilde, offfjct of, on in- 
version of silica, i. 228 
Lithqmargo, i. 125, 183 
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Littlo Bookham, Keartmg tjeds at, i. 
69 

Littoral deposits, i. 33‘ 

Liverpool, Hunter beds at, i. 54 
Llandeilo, silica rocks at, i 4 47 
Llandudno, pocket sands at, i. 43 
Llandybio, silica rocks at, i. 47, 142 
use of, for furnace hearths and 
linings, ii. 137 

Llandyfan, silica rocks at, i. 45 
Llanehdyn, alluvium at, i. HO 
Llanelly quartzites at, i. 142 
Llangollen, silica rocks at, i. 152 
'Llyn Idwal, oilstone at, i. 132 
Loading sand or stone into wagons, 
etc,, i. 308 

Loading wagons, out{)ut of, i. 278 
Loam for moukling, ii. 77 
properties of, ii. 1 10 
Loam, moulding, ii. 7(5 
Loam-moulding mixture, ii. 121 
Loams, i. 93, 125 
moulding, clay in, ii. 95 
Loamy sands, i. 161 
Loch Ba, kieselguhr at, i. 97 
Loch (3oat, ki<'-selguhr at , i. 97 
Loch Fyne, t|uartzit(‘S at, i. 39 
Loch Kinnord, Barm clay at, i. 82 
Loch Leven, kieselguhr at, i. 97 
quartzites, i. 39 
Loch Mealt, kieselguhr at, i. 97 
Loch Smiisdale, kieselguhr at, i. 97 
Loess, i. 27, 30, 31, 125 
Log washer, i. 386 
Logie Bridges, sand at, i. 184 
Lomas, J., i. 26, 28 
London Clay, i. (56, 70 
soil, ii. 166 

use of, for brick-making, ii. 3 
London, lilter sands used in, ii. 180 
Lomlon Wall mortar, ii. 49 
Londonderry, mctambrphic rocks at, 
i. 39 ‘ 

quurtzo.se rocks near, i. 42 
Longbotham Clip Co., Ltd., i. 314 
Longcliffe, pocket sands at, i. 135 
Longdown, Barton sands at, i. 82, 116 
glass sands at, i. 82, 11(5 
Longmuir, ii. 86 
Longton, Buntor beds at, i. 54 
Longtown- 

Bagshot Ixals at, i. 81 
Barton beds at, i. 72 
Hunter beds at, i. 53 
Loose sand, i. 210 
working deposits of, i. 281 
Loosening the material, i. 295 , 

Loss of ignition, determination of, 
i. 239 • • t 

Lossiemouth, river sand at, i.* 220 
Lough Beg, Bonn clay at, i. 82 


Lough Neagh, blown sAVid at, i. 83 
shore sands at, i. 77, 157 

use of, #or glass^makilig. ii. 195 
Low Moor, pockeb)sands at, i. 116 
Lowc!' Coal Measures sandstones, i. 
49, 153 

Lower Creensand, i. (52, 118 

mica and heavy minerals in, i. 217 
soils, ii. 165 

use of, for lime-sand bricks, ii. 10 
j for roads, ii. 65 
Lower Kildross, silica rocks at , i. 42 
liovver ()olit(‘, sands in, i. 58 
Lower’ 4’rias sands, i. 53 
Lowestoft, blown sands at, i. 83 
glacial sands at, i. 76, 77 
Lowry, T. M., i. 254 
Ludlow, Old Red Sandstone at, i. 41 
Liihrig table, i. 417 
Lnlworth, Wealden beds at, i. (50 
Lum|) ganistrM’, i. 1 1 1 
Lnru'dale siliea rock, i. 43, 14, 149 
Lussatile, i. 177 
Jaisli’e of sands, i. 207 
Luxembourg, lirnonite in, i. 189 
Lyell, Sir (.’haik’s, i. 7 
Lyme Regi.s, Lins at, i. 5(5 
Lyininglon, Bagsliot Ijeds at, i. 7^, 
72 

Lynn sands, i. 64, (55. 1 16, 120 
ehemienl eomjxrsiliorr of, ii. 19(5 
size of grains in, ii. 200 
u.se of, for abrasivr^s, ii. 222 

for- glass-making, i. 11(5; ii. 194 
Lyons, ])ozzuoIana at, i. 13(5 

Macadam roads, ii. (51 
Macbichill, silica rocks at, i. 45 
Maccleslirdd, JN'rrnian bods at, i. 51 
Maciluff, gar’nel iferous shor’o sand at, 
i. 220 

Machinery in quarry, ymsition of, i. 
27(5 

Maekie, J)r., i. 184, 185, 220 
Macquistr'r floatation pr’ocess, i. 425 
Mnerihanish Hay- ' 

shore sand at , i. 157, 158 » 

use of, for furnace licnrtljs and 
linings, ii. 137 

Maghera, shore sand at, i. 1^8 
Magnesia — 

r'fTect of, on inver’sion of silica^ i. 228 
on refi’actoriness, i. 232 
Magnesite, i. >94 

action of acia on, i. 205 
Magnesium compounds in glass sands, 
iti 198 • 

in moulding sands, ii. 88, 97 
in saiidk, i. 194 

Magnetic conc^trators, i. 428 
haematite, i. 224 
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Maj^netic iron sand, i. 12.^ 

minoral||, sopnratioii of. i. 2o8 
properties of sorid, i. t24 
separation, i. 2.IS 

of ^^lass-making sands, ii. 204 
separators, i. 42S 
SLiseoplihility of minerals, i. 42S 
Magnetite, i. lb, 20, 189, 20‘k 224, 221 
('ffeet of, on sands, i. 200 
Maidenhead, Reading beds at, i. 00 
Maidstone, Lowim’ (Jreensami at, i»02 
Main and tail haulage, i. 212 
Malay States - 

monazite sands in, i. 12!) 
tin-l)('ai ing sands in, i. 104 
tungsten-hearing sands in, i. KiO 
Malmesbury, T^'orest marble saixis at, 
^ i. 58 

Malton, Estuarine sands at. i. 5!) 

Kellaways samls at, i. 58, 123 
Malvern range, Keuper IkmIs in. i. 52 
Maneh(?st(M', Permian beds near, i, 51 
Manganese oxides, action of a<*i«l on, 
i. 205 

in sands, i. I!)!) 

Manlove, Alliot A- Co,, Ltd., i. 405, 41 1 
Jilansfield 

Runter sands at, i. 52, 55 
facing sand, ii. 104 
glacial sands at, i. 70 
open sand, size of grains of, ii. 107 
moulding sands at, i. 55, 85, 80, 
121 ; ii. 80, 1 1 I, 112 
chemical composition of, ii. !)0 
inineralogical composition of, ii. 
1)1 

surface factor of, i, 212 
Mansfield, ^ Co., i, 252 
lV%intles, incande.seent. i. 120 
Manure gravels, ii. 174 
Mapletlurham, Eocene beds at, i. 00 
Mapporly Plains, Runter beds at, i. 54 
Marble dust for plasters, ii. 57 
Marcasite, i. 10, 189 
Marine sanc^s, i, 22, 126 
Market Erayton, Permian beds at, i. 

• 52 

Marli)orough, Reading beds at, i. 0!), 
71 

Marlbo i>ugh Forest, Reading beds in, 
i. 70 

Martin, i. 174 
Mass action, i. 19 

Massern’s Slack, sarii^iills at, i. 27 
Maturing moulding sand, ii. 120 
Mayfujld, Tunbridge VV»‘lls sand at, 
i. 01 • • 

Mayb, Co., quartzitoH in, i. 29, 40, 156 
McAdam, •John, ii. 0;^ * 

McWilliam, ii. 80 

Me William & Longmuir, ii. 120 I 


Mechanical analysis, i. 229 

eqjiiprnentdn pits and quarries, i. 
242 


haulage al6ng rails, i. 211 
.Medium ,4imd, size of particle, i. 21 1 
.Metlway muds, i. 102 
Meensehaum. ituitation, i. 100 
Melanite, i. 112 

Mellor. ,). W ., i. 211. 212, 227. 247, 
252, 441 

Molt ham, “ white Hint " at. i, 155 
Melting ]K)int of eristobalite, i. 220 
of minerals, i. 221 
of sand, (hdermination of, i. 201 
t)f tridymite. i. 220 
Mendip Hills, Millstone (Jrit in, i. 40 
Menilite. i. 175 

Merrow I towns, R«>ading beds at , i. 09 
Mersey 

Runter beds near, i. 54 
Keuper beds m'ar, i. 52 
sand carried by. i, 20 
dunes rour\d, i. 28 
Merstham lirestones, i. 148 
Merstharn. Creensand at, i. 02 
Merthyr 'I'ydfil, silica roeksat, i. 41,47 
use of, for furnace hearths and 
linings, ii. 127 
.Merwin, 11. K., i. 192, 228 
Meshes of sieve's, i. 444 
M(‘lal mixtures, sand in, ii. 129 
Me'tallie elenuads in samls, i. 2(t0 
Metallih'rous sands, i. 2!), 77, 80, 127 
cla.ssiti<!ation of, i. 405 
roasting, i. 440 
use of, ii. 75 

Metallurgical furnaces, s»md for lining, 
ii. 129 


.sands. See Furnace litungs and 
Moulding samls 

Metallurgy, use* of sands in, ii. 75 
.Metals 

e'liamclling, sand for, ii. 120 
from samls, recovf'iy of, i. 440 
.samls as a source' e)f, ii. 75 
Me'tamorphic cjuartzile's, i. 2!), 139 
Metheids of woi'king deposits, i. 277 
.Methylene) iealiele', i. 258 
Mexico, as])haltic sanels in, i. 81 
monazite sane! in, i. 128 
Mexie'o, Culf of 
alluvimn in, i. 29 
Mica, i. .2, 4, 20, 186, 191, 217 
action of acid on, i. 204 
Hakes in sand, i. 207 
in cements and mortars, ii. 49 
iij moulding sands, ii. 98 
^ in sand, (effect of, i.^202 
in»concre*t(‘. ii. 20 

-quartz mixtures, fusibility of, i. 187 
-scliist, i. 29 
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Michaelis, W., ii. 9, 13 
Mickloham Downs, Ket^ding beds on, 

i. 09 

Thanot sands on, i. 6V 
Microoline, i. 184 , 208, 209 * 

Microliths in sands, i. 170 
Microscopical analysis, i. 241 
Middle Coal Measures, sands in, i. 50, 
164 

Middlesex, Eocene bods in, i. 06, 68 
Middleton, Oroonsaiids at, i. 64, 

120 

Midfortl sands, i. 59, 00 
Midhurst, (Jreensand at, i. 03 
Wealdon beds at, i. 00 
Midlands — 

Dunter beds of, i. 180 

North, moulding sand, texture of, 

ii. 108 

silica rocks in, ii. 140 
soils in, ii. 100 

Midlothian, glacial drift in, i. 75 
Milky quartz, i. 177 
Millet seed sand, i. 219 
Milling moulding sands, ii. 122 
purpose of, ii. 123 

Milli.sle, shore sands at, i. 77, 157, 168 
us(i of. for glass-making, ii. 195 
Mills with r(wolving pans, i. 377 
Millstone C4rit, i. 42, 46 , 105 
minerals in, i. 186, 190, 217 
soils, i. 102 ; ii. 100 
Milner, K. B., i. 250 
Minora, glass sands at, i. 110 
silica rocks at, i. 44, 40, 47, 149 
Mineral constituents of sand.s, i. 109 
placers, i. 29 
Mineraliser, i. 230 
Mineralogical composition — 
of sands, i. 203 

for brick-making, ii. 3 
for cements and mortars, ii. 48 
for concrete, ii. 20 
for filters, ii. 178 
for furnaces, ii. 138 
for glass-making, ii. 199 
for lime-sand bricks, ii. 10 
for moulding sands, ii. 90 
for plasters, ii. 57 
for roads, ii. 02 
for silica bricks, ii. 147 
Mineralogical examination, i. 256 
Minerals— 

fusibility of, i. 231 
in sands, estimation of, i. 258 
magnetic separation of, i. 258 
separation of, i. 250 • 

Minerals Separation flofitation procet^, 
i. 425 

Mines, hand-loading in, i. 308 
Minettcs, i. 3 


Mining sand-rocks, i. 29i?, 307 
sands, i. 209 r, 

Minneapolis fMin.), filter sands used 
at, ii. 180 *'• 

Miocene sand.s, i. 72, 127 
Mississippi, sand carried by, i. 30 
Mitchell Conveyor Co., Ltd., i. 329 
Mitchell, G., i. 331, 332, 338 
Mixing moulding sands, ii. 123 

sand for refractory purposes, ii. 100 
Mohture in concrete sands, ii. 31 
in furnace sands, ii. 141 
in moulding sands, ii. 89, 100 
in sand, determination of, i. 238 
for roads, ii. 71 

Molasses as bond in moulding sands, 
ii. 117 

Mold - . 

gla.ss sand at, i. 110 
silica rooks at, i. 44, 46, 149 , 163 
u.se of, for abrasives, ii. 222 
use of, for furnace hearths and 
linings, ii. 137 
Moldonke, i. 207 ; ii. 91, 92 
Moler, i. 127 

Molfim silicates, effect of, on trans- 
parency of silica, i. 228 
solvent action of, i. 220 
Monarch magnetic sej)arator, i. 430 
Monazite, i. 29, 197 , 208, 209, 224 
action of acid on, i. 205 
sands, i. 128 

treatment of, i. 419 
Monkreddon, “ rotten rocks ” at, i. 
45, 131 

Monmouth, Old Red Sandstone in, i. 
41 

Mono-rails, i. 327 
Montana, gem sands in, i. 114 
monazite sand in, i. 1 28 
Montgomery, R. J., ii. 150 
Montmorillonite, i. 184 
Montrose, blown sands at, i. 83 
shore sands at, i. 77 
Monya.sh, pocket sands a^, i. 42 
Moor Park, Reading beds at, i. 68^ 
Moray Firth, sand dunes in, i. 25 
Moray, Old Red Sandstone in, iji 41 
Morecambe Bay, Biuiter sands near, 

i. 53 

warp in, i. 33 

Morley, Bunter sands at, i. 53 
Morriston — 

silica rocks a^. i. 52, 154 

use of, for nimace hearths and 
linings, ii. 137 
Mortar bTicks, ii. ^0 
Mortars, ih 43. See aUo Plasters 
adhesiveness c*!, effect of sand on, 

ii. 40 

brick dust in, ii. 50 
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Mortars — continued 
cinders in, ii. 50 
clay inf ii. 49 ^ 

colloidal silica Jor, ii. 48 
composition of sand for, ii. 48 
drying sand for, ii. 59 
dust in, ii. 50, 51 
effect of grading sanil on, ii. 51 
sand on, ii. 45 
felspar in, ii. 49 
hardness of sand for, ii. 52 
hydraulic lime, strength of, ii. 16 
marble dust in, ii. 50 
mica in, ii. 49 

poz7.uolana in, i. 196 ; ii. 40 
preparation of sand for, ii. 59 
proportioji of sand in, ii. 45 
refractory, ii. 154 
Saks in, ii. 48 
screening sand for, ii. 59 
selenitic lime, tiinsilo strength of, 
ii. 46 

shape of sand grains in, ii. 50 
silicic acid in, ii. 59 
size of sand grains in, ii. 50 
sources of sand for, ii. 47. Sec aim 
building sand 
testing sands for, ii. 59 
tosca in, i. 165 
tras.s in, i. 165 ; ii. 49 
tuff in, i. 166 
washing sand for, ii. 59 
Motor lorries, i. 917, 341 
Mottled Sandstone, i. 59, 54 
Moulding bricks, use of sand in, ii. 5 
Moulding loams, properties of, ii. 1 10 
Moulding sands, ii. 75 
adding warter to, ii. 129 
alkalies in, ii. 89, 97 
alumina in, ii. 87 
analysis of, ii. 00 
artificial, ii. 114 
binding power of, ii. 84 
“ blowing ” of, ii. 98 
bond in, ii. 115 
burnt, restoring, ii. 126 
( use of, ii. 155 
chalk in, ii. 97 

cRemical composition of, ii. 85 
clay as bond in, ii. 115 
inf ii. 87, 92 
cohesiveness of, ii. 89 
colloidal silica as bond in, ii. 1 16 
colour of, ii. 79 » 

crushing strengtlT of, ii. 101 
dead, reviving, ii. 1 26 
drying, ii. 102 • 
felspar in, ii. 87, 98 
fluxes in, ii. 96, 97 
glauconite in, ii. '^9 
igipurities in, ii. 89 


Moulding sands — conf bif/rd 

iron com])ound8 in, ii. 88, 98, 99 
lime in, ii.«88 
limestone jn, ii. 97 
limonite as bond in, ii. 1 16 
limonite in, ii. 99 

magnesium compounds in, ii. 88, 97 
maturing, ii. 126 
mica in, ii. 98 
milling, ii. 122 

rnineralogical com])osition of, ii. 90 
mixed, ii. 114 
mixing, ii. 129 

mixtures, comj)osition of, ii. 121 
moisture in, ii. 89, 100 
openers for, ii. 118 
organic binders in, ii. 1 16 
mailer in, ii, 100 

permeability of, ii, 81, 82, 109, 
105 

plasticity of, ii. 89 
f)orosity of, ii. 81 
preparation of, ii. 119 
j)roporties of, ii. 79 
proportioning ingredients of, ii. 122 
quartz in, ii. 92 
reclaiming, ii. 126 
refractoriness of, ii. 80 
shape of grains in, ii. 104 
shrinkage of, ii. 85 
silica in, ii. 86 
size of grains in, ii. 105 
sources of, i. 49, 45, 47, 48, 55, 
58, 69, 65, 67, 79, 76, 78, 81, 
85, 88, 104, 11 1, 115, 120, 129, 
190, 192. 194, 140, 144, 158, 
169 ; ii. Ill 

.specifications for, ii. 109 
surface factor of, i. 219 
surface of, ii. 85 
testing, ii. 128 

permeability of, i. 264 
.strength of, i. 265 
texture of, ii. 85, 105 
vegetable matter in, ii. 100 
venting, ii. 105 
water in, ii. 100 
Moulds, drying, ii. 114 
Moimt Scipput, Reading bods near, 
i. 69 

Mount Solovief, platinum placers at, 
i. 133 

Mountain Limestone, sands in, i. 42 
Mow Cop, Crowstones of, i. 109, 152 
U.SO of, for glass-making, ii. 196 
Muckish Mountain — 
quartzite, i. 40, 140, 435 
^ use of, for glass-making, ii. 196 
«Mud, i. 102, 430 • 

Mud-ljapping, i. 307 
-'"heel, i. 386 
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Muffles, ii. ir)4 

use of sauds in, ii. l.'Ui 
Mull, kieselgiihr in, i. 97* 

Muller, L. I'l, ii. 157 
Miunble roeks, i. .‘10 ^ 

Mumfortl arul Moodie, i. 4(U) 
Mumford, Heading beds at, i. 08 
Munn, F., Ltd., i. 818 
Murex floatati<)n [n’ocess, i. 425 
Murray and Phillipi, i. 181 
Muscovite, i. 10, 186, 208, 209, 224, 
281 

action of soda on, i. 204 
Musselshell district. (Idaho), Tuonazile 
sands in, i. 129 

Myers- Whaley shovelling machine, i. 
282 

Mynydd-y-gareg, silica rock.s, i. 47, 

48', 142 

Nacrite, i. 188 

Nairn, sand dunes at, i. 20 

Naples, ])ozzuolana at, i. 18() 

Nur N’alley, (Jreensand in, i. 04 
Narberth silica rocks near, i. 47 
Nassau, j)alagonite tuff at, i. 10t> 
Nattrass (Jill garustors, i. 48, 44, 149 
Navvies. See Steam navvies 
Naxos, emery, i. 101 
Neath, V^ale of, silica rocks in, i. 44, 
47, 142 

Nebraska, pumice sand in, i. 187 
Ne|)heline, i. 8, <i, 208, 209, 281 
action of acid on, i. 205 
Nt'ther Seal, Hunter beds at, i. 58 
Nether Stowoy, Permian be<l.s at, i. 
52 

Nctte, Vale of, trass from, i. 105 
Neutral sands, i. 145 
Nevada, monazite saml in, i. 128 
New and ‘rhomas, ii. 158 
New Hrighton, Hunter beds at, i. 54 
New Forest, Focene beds in, i. 70, 110 
glass sands in, i. 110 
New Red Sandstone, i. 82 
New South Wales, platinum placers 
in, i. 188 

New Zealaiul, gold placers in, i. 1 18 
palagonite tuff in, i. 100 
Newaygo .screc'U, i. 449 
Newbald, Lower Oolite at, i. 58 
Newbury, Focene beds at, i. 70 
Newcastle kilns, i. 487 
Newhaven — 

pocket sands at, i 185 
Reading beds at, i. (»9 
Upper Focene bods at, i. 70 ^ 

Newport, Permian bed.s at, i. 52 
Newtongrange, sandstonoa at, i. 45 
Nickel ctxsting, sands for, ii. 112* 
Nielson, C., i. 199 


Nigeria, monazite sand iA. i. 129 
tin -bearing sands in, i. 164 
Nile delta sai\(Js, felsjjur in,*i. 185 
Nills Hill (piartzite,^. 41, 141 
Nischne, platinum placers round, i. 
188 

Nitric acid, action of, on sulphide, 
i. 205 

Non-ferrous alloys, sand for, ii. Ill, 
118 

Non-rnetallic elements in sands, i. 200 

Norfolk 

brick-making sands in, ii. 8 
glacial sands in, i. 75, 70 
gla,ss sands in, i. 110 
(Ireensands in, i. 04, 1 10, 120 
IMiocene sands in, i. 78 
Reatling beds in, i. 08 
sand ilunes in, i. 25, 20 
soils, i. 101 

North Downs, Pliocene beds in, i. 78 
North Mimms, Reading beds at, i. 08 
North Staffordshire, ])ocket sands in, 

i. 1.84 

North Tolsta, kieselguhr at, i. 97 
North Wales 

anata.se in ])ockci sands, i. 190 
silica rocks in, use of, for abrasives, * 

ii. 222 

use of, for furnaces, ii. 187 
use of, for silica bricks, ii. 140 
Northalku’ton, Hunter bends at, i. 58 
Lias at, i. 50 

Northam|)ton sands, i, 59 
limonite in, i. 189 
Nort ham])tonshire — 

est.iairine sands in, i. 81, 103 
glass sand in, i. 110 
Lias in, i. 50 
Oolite in, i. 68, 190 
soils, ii. 100 
Nortliumberland 

furnace sands in, ii. 187, 142 
granite rocks in, i. 8 
moulding sands in, i. 181 ; ii. 118 
u.scd in, ii. 112 ' 

silica rocks in, i. 40, 181, 142, 149 
minerals in, i. 180, 190 
Northwich, Corallian Rag at, i. 5t? 
Northwood, Reading beds at. min- 
erals in, i. 181 
Norton Co., ii. 218, 219 
Norway, kieselguhr in, i. 96 
sand dunes in^i. 25 
Norwich, Eocene NhIs at, i. 70 
Rod Crag at, i. 78 
Nottinghaiishire — c 
alluvium in, i. 80 
brick-mal^ihg sands in, ii. 0 
Hunter bods in,*'i. 54, 55 
glass sands in, i. 110 ; ii. 194 
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Nottin^yliainthire- continued 

Kouj)or beds in, i. o.‘t * 

Lias in^ i. r>li« ^ ^ 

moulding sands in, i. l.‘H ; ii. 112 
Lermian bods in, i. /)! 

Nova Sootia, ;j:old ydaeers in, i. 117 
Nuneaton, Hartsliill quartzite at, i. 40 
Nuneaton sand, ii. 27 
Nuneham Park, (Ireensand at, i. ().‘l 

Oahu, shore santl of, i. IHO 
Oakinoor, jioeket sands at, i. 4^1,134 
Oare, Bagshot beds at , i. 71 
Oborhohe, kioHolt^uhr at, i. 07 
Obsidian, i. 11, (i 
Oeeurnuice of sands, i. \M 
(^ehil Hills, Old Ked Sandston«> in, i. 
41 

Oeh«(‘, i. till, 189 

Oekshot Street, Bajjshot .sands at, i. 71 
Oil floatation, i. 425 
sands, i. 82, 131 

Oils as bond in moulding .sands, ii. 117 
Oilstone .sand, i, 1111 ; ii. 20il 
Oklahaina, pumieei sand in, i. 1117 
Old moulding sand, ii. 00 
roelaiining, ii. 12ti 
tOld Red Sandstone, i. 41 
felspar in, i. 185 
soil, i. 102 

use of, for furnac('s, ii. 1117 
Oldham, glneial beds at, ii. Ill 
Oldhavon betls, i. (iO, fi8, 70, 1112 
Oligoeone .sands, i. 72, 132 
Oligoelase, i. 208 

Oliver (lontinuou.s Filter Co., i. 405, 
40() 

Olivine, i. 11, Hi, 180, 180, 208, 200, 
224, 2111 

* acdion of aeid on, i. 205 
Onyx, i. 175 

Oolite sands, i. 55, 50, 57 

iiiineraLs in, i. 181, 182, 100, 204 
Oolite soils, i. 102; ii. 100 
Oozes, i. 112 

Opal, i. 174, 175, 2t)S. 200 
(^penors for moulding .sand, ii. 118 
Open-hearth furnaces, sands for. 

• iS’ce Furnace sands 
Open-sand moulding, ii. 70 
Optic/h properties of sands, i. 207 
Ord & Maddison, Ltd., i. 411, 458, 

• 450, 400 

Ordovician quartzitfiji;, i. 40, 141 
Oregon — /' 

gem sands in, i. 114 
metalliferous s;^nds in, i| 1 18, 133 
monazite sand in, i. 128 
pumice sand in, i. L37 ^ • 

Ores, smelting sam# for, ii. 1 29 
Drjord, Eocene beds at, i. 07 


Organic action (fti rocks, i. 0, 18 
Organic binders in moulding sands, 
ii. \ Uk 

Organic matter — 

in concrete? sands, ii. 20 
in furnace sands, ii. 141 
in glass sands, ii. 108 
in moulding sands, ii. 100 
in samls, i. 200 

for fire-bricks, ii. 147 
for lime-sand bricks, ii. 13 
for jdasters, ii. 58 
in soil, ii. 1 00 
Organic sands, i. 35 
Origin tjf sands, i. 1 
Orleans (Nebraska), pumice sanil at, 

i. 137 
Orrnskirk 

Hunter .sands at. i. 54, 55, 86 
glacial sands at, i. 75, 01, 115 
gla.ss sands at. i. 131 
moulding sands at, ii. 1 13 
Orthoclast', i. 3, 4, 184. 208, 200, 231 
Orthochuse-tpjartz mixtures, fusibility 
of, i. 185 

Osborne beds, i. 72, 132 

O.smium, i. 133, 200 

(Xstwahl, VV., i. 174 

0.s\vestrv, Permian beds near, i. 52 

Ottawa (111.), standard sand, i. 102; 

ii. 00, 01 

Oundle, Low(‘r Oolite at, i. 58 
Ov<*r burden — 

co.st of removing, i. 281 
di.sposal of, i. 281 

t'ffect of, on cost of working, i. 273 
rtunoval of, i. 278 

Overheating in drying, (‘ffects of, i. 
413 

Oxfonl clay, i. 58 
Oxfordshire 

Corallian Rag in, i. 58 
glacial .sands in, i. 75 
Oreat Oolite in, i. 50 
(Ireensand in, i. 03, 180 
Lias in, i. 125 
moulding sands in, i. 131 
Portland bt'ds in, i. 57 ; ii. 05 
ochre in. i. 180 
•soils in, i. 102 ; ii. 100 
Wealden btuls in, i. 00 
Oxidation, action of, on rocks, i. 9 
Oxides, effect of, on inversion of 
silica, i. 228 

Oxidising action of air on rocks, i. 10 
Oxted — 

brick-making sands at, ii. 3 
Tumace sands at, ii. 137 
• glass sand| at, i. ^ 1 0 
Oi^tensands at, i. 03, 119 
Oxyalumina, i. 90 ; ii. 209 
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Packing sand, i. 469 • 

Page, Sir Hyde, i. 2fl 
Paint for furnaces, ii. 15^, 158 
manufacture, use of sand in, ii. 
229' 

Pakefield, glacial sands at, i.*7(> 
Palagonite-tuff, i. 166. 

Pall^ium, i. 133, 200 
Pan mills, i. 359, 376 
for wet grinding, i, 381 
Panning, i. 256 

concentration by, i. 413 
Pantddu, silica rocks at, i. 43, 44 
Park Hill quartzite, i. 40 • 

Park Mine, pocket sands at, i. 43, 136 
Parker, Winder & Achiirch, i. 458 
Parrett River silt, i. 159 
Parrock Hall, glacial sands at, i. 76 
Parsley Hay pocket sands, i. 43, 1 16, 
131, 135 

Parting sand, j. 132 ; ii. 78 
for pottery, ii. 190 
sieves for, ii. 114 
Parting sands, clay in, ii. 96 
fineness of, ii. 108 
properties of, ii. Ill 
Patching, sand for, i. 1 1 1 
Paving blocks, asphalt, ii. 69 
Pawling & Hamischfogor Co., i. 283 
Pebble Reds, Bunter, i. 43 
dashing, ii. 55 
definition of, i. 2 
Pebley Pond, qiiicksands at, i. 51 
Peddle, ii. 197, 200, 201, 202, 203 
Poobleshire, bastard ganistor in, i. 45, 
108 

Pelagic depo.sits, i. 32 
Pelitio tuff, i. 166 

Pembrokeshire, quartzites in, i. 39, 

47, 143 

Pencil goniators, i. 43, 44, 50, 107, 110 
Penderyn, silica rocks at, i. 47 
Pendulum mills, i. 371 
Penistone, ganister at, i. 104 
Pennington, D., i. 27 
Pennink, ii. 178 
Penrith, Permian beds at, i. 51 
Ponselwood, Creenaand at, i. 62 
Pentland Hills, trap rocks in, i. 5 
Penwyllt — 

quartzites at, i. 44; 47, 48, 142 
use of, for furnace hearths and 
linings, ii. 137 

Pen-yr-alleg, rottonstone at, i. 45 
Peperino, i. 166 

Peppard, Reading beds at, i. 69 
Peppel, ii. 16 

Percussion table concentrator, i. 410 
Perforated screens, i. 447 
Peridotite, i. 3 ‘ * 

Perimorphs in sands, i. 172 


Permeability of mouldiiig sands, ii. 
• 81, 103, 105 

of sand, i. ^2, 224 , 

Sf soils, ii. 169, 1 7 1 
tests of sands, i. ^63 
Permian sands, i. 51 

minerals in, i. 186, 188, 189, 196, 
199 

moulding sand, ii. 113 
washing, i. 385 
soils, i. 162 

Pori^’a Park, Reading beds at, i. 68 
Perthshire, glacial drift in, i. 75 
Peterborough, Lower Oolite at, i. 58 
Potcrsfield, Greensand at, i. 62, 63 
Petrie, Flinders, i. 22 
Petworth, Greensand at, i. 63 
Philadelphia, eniery at, i. 101 
Phili])pi, i. 181 t 

Phlogopite, i. 186, 208, 209, 224 
Phosphate of calcium in apatite, i. 199 
rocks, i. 199 
sands, i. 132 
Phosphates, i. 197 

action of acid on, i. 205 
Phosphntic sands, grinding of, ii. 175 
Phosphoric acid in soil, ii. 169 
Phosphorite, i. 199 
Phosphorus eompounds, effeet of, on 
sands, i. 199 
in sands, i. 199 

Phosphorus-silica mixtures, fusibility 
of, i. 199 

“ Piano-wiro ” screens, i. 446 
Pickering, weather-worn rocks at, i. 1 0 
Picrite, i. 3 

Pig-bod sand, i. 46, 55 ; ii. 112, 113 
Pigments, use of sand in manufacture 
of, ii. 229 

Pistyll Quarries, furnace sands from,* 
ii. 137 

Pit sand, i. 132 
for concrete, ii. 23 
for plasters, ii. 57 
volume weight of, i. 222 
Pitchstone, i. 3, 6 . 

Placer sands, sizing, i. 441 
Place»*s, i. 29, 133 
Plagioclase felspars, i. 3, 4, 6, 209 * 
Planning pits and quarries, i. 273 
Plant, arrangement of, i. 468 
Plants, action of, on rocks, i. 18 
for binding sand, i. 25 
Plaster of Paris, 65 
and sand, ii. ^T y, 

Plastering sand, i. 133 
Plasters - - . ^ 

composition of sand for, ii. 67 
. drying sai^ for, ii. 69 
effect of salts oifj ii. 58 
grading sand for, ii. 59 
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Plasters — cmitinued 
preparation of sand for, ii. 59 
screening saiid for, 59 
scum in, ii. 58 

shape of sand grains for, ii. 58 
size of sand grains for, ii. 58 
sources of sand for, ii. 57 
testing sand for, ii. 59 
uses of sand in, ii. 55 
washing sand for, ii. 59 
Plasticity of moulding sands, ii. 89 
Platinum, i. 29, 199, 200 * 

placers, i. 199 

Ploan, silica rocks at, i. 45, 150, 151 
Pliocene sands, i. 79, 133 
for moulding, ii. Ill 
Ploughs, use of, i. 280 
Pluinstead, Woolwich and Heading 

• })eds at, minerals in, i. 181 
Plutonic rocks, i. 2, 9 

Pocket sands, i. 42, 44, 134, 190 
use of, for furnace hearths and 
linings, ii. 197 
for glass-making, ii. 194 
for scmi-silica bricks, ii. 140 
for sili(!a bricks, ii. 149 
“ Pockets ” of sand, i. 94 
• Pocklington, Lias at, i. 50 
Podszus, ii. 158 
Poidometor, i. 994 
Points in tramways, i. 910 
Polden Hills, Hhaetic beds in, i. 52 
Polishes, “ finish ” of, ii. 212 
hardness of, ii. 219, 214 
uniformity of action of, ii. 212 
use of sands as, ii. 200 
Polishing action, rapidity of, ii. 211 
powder, i. 48 

sands, proi)erties of, ii. 211 
* size of particles for, ii. 221 

sources of sand for, i. 88, 92, 90, 
197, 140, 1.58, 10.5, 100; ii. 208 
Pollard, i. 140 

Pontefract, moulding sands at, i, 191 ; 
ii. 119 

Pontesbury, Stiperstonos quartzite at, 

silica rock, use of, for 

• furnaces, ii. 197 
Poole. J. & P., Ltd., i. 402 
Porchrester, Eocene beds at, i. 00 
Porc-spoce in sand, determination of, 

• i. 201 

Porosity and penn^ability, relation 
of, ii. 100 ^ 

Porosity of moulding sands, ii. 81, 100 
of sand, i. 222 « 0 

for explosives, ii. 226 
of soil, ii. 170 0 

tests of sands, i. ^01, 262 
l^Ojfous bricks, ii. 20 


i^ontSticill, 


Porphyritic granite, i. 4 
Porphyry, i. 5 

Port Ellen, dfuartzites at, i. 9t) 
Portable be^. conveyor, i. 994, 995 
Port-a-c^oy, silica rock, i. 40, 166 
use of, for ghuss- making, ii. 195 
Portaskaig, quartzites at, i. 99 
Porthywaen. silica rocks at , i. 40 
Portland bed.s, i. 57 
sand, i. 57 

use of, for roads, ii. 05 
soils, i. 102 

stone, use of, for eonercte, ii. 24 
Portrusli, shore sands at, i. 77, 157, 

158 

use of, for gluss-mnking, ii. 195 
Port sea. Eocene beds at, i. tWi 
Porl.skewei, nlluvium at, i. 80 
Portsmouth, Barton bods near, i. 72 
I’ost-Tertiary sands, i. 70 
Pot sand, i. 80 

Potash, elTcct of, on refraetoriness of 
sands, i. 292 
in moulding sands, ii. 97 
in soil, ii. It)9 
sand as source of, i. 104 
Potassium compounds, effetd of, on 
inversion of silica, i. 228 
silicate, effect of, on inversion of 
silica, i. 228 

Potter floatation process, i. 425 
Pottery manufacture — 
prejiaration of sand for, ii. 190 
size of grains for, ii. 190 
sour<M‘s of sand for, i. 40, 54 ; ii. 
190 

testing sand for, ii. 190 
uses of sand in, ii, 189 
Pounce, i. 197 

Power required by jaw-crushers, i. 949 
sources of, i. 270 
Poyle, Heading beds at, i. 68 
Pozzuolana, i. 0, 136 
artificial, i. 190 

effect of, on cements and mortars, 
ii. 49 

for concrete, ii. 25 
mortars, ii. 44 
Pozzuoli, i. 190 
Pra.so, i. 175 

I’re-Cambrian quartzites, i. 199 
Precipitated sands, i. 90 
Preparation — 
of abrasive sands, ii. 229 
of fiimaco sands, ii. 142 
of kieselguhr, ii. 227 
of moulding sands, ii. 113 
^f sands for agriculture, ii. 175 
I for cements and mortars, ii. 53 
Tor concrete, ii. 40 
or explosives, ii. 227 
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Prepaiution- cominuea 
of Hands for filters, ii. 182 
for glass-making, ii.*20l 
for liinc-sarid Iji’icks,*!!. 17 
for plasters, ii. 59 • 

for pottery inaniifaet ure, ii. 190 
for prodiudion of chemicals, ii. 
187 

for refractory In-icks, ii. 151 
for refractory purposes, ii. 158 
for roads, ii. 72 

for use in building construclion, 
ii, 74 

Presteign, (')ld Ked Sandstone at, i. 41 
Preston, liimter bods at, i. 54 
Priestrnan Hrothors, i. 288 
Primary grains, i. 172 
sands, i. 7, 87, 136 
formation of, i. 7, 20 
l‘rince, W. F., ii. 12(> 

Propertios- 

of abrasives and polishes, ii. 211 
of sands, i, 202 

for abrasives, ii. 210 
for absorbing purposes, ii. 228 
for ugrioulturo, ii. 100 
for annealing, ii. 228 
for bedding purposes, ii. 70 
for bituminous fabrics, ii. 7.8 
for brifk-rnaking, ii. 2, 5, 0, 7, 8 
for building purposes^ ii. 70 
for cements and mortars, ii. 48 
for chemical purposes, ii. 180 
for coking, ii. 228 
for concrete, ii. 20 
for enamelling, ii. 1.80 
for (erasers, ii. 228 
for explosives, ii. 220 
for fillers, ii. 228 
for filters, ii. 178 
for fire-bri<;ks, ii. 147 
for foimdalions, ii. 78 
for friction, ii. 229 
for furnace hearths and linings, 
ii. 1.88 

for glass-making, ii. 195 

for hour-glasses, ii. 229 

for insulating materials, ii. 20 

for light bricks, ii. 20 

for lime-sand bricks, ii. 10 

for moulded articles, ii. 74 

for moulding sand, ii. 79 

for paints, ii. 229 

for plasters, ii. 67 

for pottery, ii. 189 

for refining furnaces, ii. 129 

for refracdory cements, ii. 150) 

for refractory purposes, ii. 147 

for road bed^, ii. 70* 

for road fillers, ii. 70 

for ryads, ii. Gl-70 


Proper tie.s—conriin wed 

of .sanfls for rubber manufacture, ii. 

• * ..V * 

for sand seals, 280 
for silica bricks, ii. 1 47 
for smelting, ii. 129 
for soap manufacture, ii. 230 
for water softening, ii. 280 
for welding, ii. 180 
for woodworking, ii. 280 
of soil, ii. 109 

Prof^jecting for sands, i. 209 
Proximate analysis, i. 241 
Puddle, sand for, i. 42 
Pudson, i. 80 
Pug-ganister, i. I 1 I 
sand for, i. 50 

Pulborough, (Ireensanrl at, i. 03 
Pulver Blender, i. 452 
Pulverent rock, i. 210 
Pumice powder, u.se of, as an abrasive, 
ii. 209 

Pumice sand, i. 187 

use of, for concrete, ii. 25 
for light bricks, ii. 20, 21 
for plasters, ii. 57 
Pump for dredging, i. 298 
Pumps, i. 294 
Puntiohl beds, i. 00 
Puramachos, u.se of, for refractory 
purpo.ses, i. 1 1 1 ; ii. 1 50 
Pur beck beds, i. 57 
Purification of .sand — 

for abrasive purposes, ii. 228 

for brick-making, ii. 8 

for cem(‘nts and mortars, ii. 58 

for chemical purposes, ii. 187 

for concrete, ii. 40 

for filters, ii. 182 

for glass-making, ii. 204 

for lime-sand bricks, ii. 1 7 

for plasters, ii. 59 

for pottery manufacture, ii. 190 

for roads, ii. 72 

Purification of sands and sand rocks, 
i. 884 

by air separation, i. 427 
by calcination, i. 484 
by chemical action, i. 488 
by concentration with water, ^i. 418 
by electrostatic separation, i. 482 
by floatation, i. 425 ^ 

by magnetic separation, i. 428 
by washing, i.^184 
Pusher-scoops for lrf,un beds, i. 282 
Pwll Byfre, ganister at, ii. 1 87 
rottenstcf’ie at, i. <4 
Pyrites, i. 10, 189, 209, 224 
* in sand, elect of, on concrete, ii. 30 
Pyrope, i. 1 11 * 

Pyrophyllito, i. 183, 208 
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Pyroxene, 1? 4. (», 20, 179, 224 
Pyrrhotiiie, i. ]0, 189, 224 

Quarry floor, ar*j|in^<>rnent of, i. 

waste for limo-san<l bricks, ii. 1() 
Quarrying sand, i. 2(50 
sand-rocks, i. 204 
Quartz — 

notion of acid on, i. 2(14 
alkali(‘s on, i. 204 
crystals in porphyry, i. 5 
electric properties of, i. 224 
expansion of, i. 20.4 
fused, i. 1 7(5 ; ii. 192 
efl'ect of heat on, i. 227 
fusibility of, i. 241 
glass. ■ Sec. l<hi.s(ul quartz 
hardness of, i. 2()J1 
ift fluviatile sands, i. 40 
in granite, i. 4 
in igneous rocks, i. 4, 4 
in sands. *Vtc under various in- 
dustries 

in truj) rocks, i. 0 
inversion of, i. 22(5 
magnetic properties of, i. 224 
powdered, for chemical jaii'po.ses, 
ii. 180 

propert ies of, i. 176, 208, 200, 221, 
224, 220, 241 

refractive itnlc'X of, i. 208 
separation by tioalation, i. 42(5 
specific gravity of, i. 221 
volume ehangt's of, i. 244 
ware, ii. 200 

Quartz-fels|)ar mixtures, fusibility of, 
i. 18o 

-mica mixtures, fusibility of, i. 187 
-orthoelaso mixtures, fusibilitv of. 

i. ISO 

-porphyry, i, ;> 

-schist, i. .44, 138 
Quai’tzites, i. .40, 138 
impurities in, i. 148 
Quatford, Hunter beds at, i. .^>4 
Qindjee, ifon sands near, i. 122 
Quicksand, i. 144 

yr cements and mortai-s, ii. 48 

Radcliff-on -Trent, Hunter beds at, i. 
*54 

K^iolarian sands, i. .42, 35 
Radlett, Heading beds at, i. f>8 
Rails for tramway, Jf 417 
use of sand on,Jli. 220 
Railway and Industrial Engineering 
Co., i. 281f • 

Railway transport, i. 342 
Rain, action of, on rocksf i. 9, 14 
^ainford, glacial sands at, i. 75 
glass sands at, i. 110 


Randanite, i. 1^8 

u.se of, os an abi’asive. ii, l22(5 
Range of fiAion of silica, i. 2.42 
Raiisome. 1^., ii. 10 
Raii.soiiii^ Machinery (-\>., Ltd., i. .410 
Rapid Digger Co., i. 283 
Rapid siftf'f. i. 4o3 
Rapidity of abrasive action, ii. 21 1 
Rapp reviviller, i. 4o3. .454 
Hast all and Lake, i. 1(54 
Rath, (1. von. i. 177 
Rational Analysis, i. 230 
Rayleigh, Hagshot beds at, i, 70 
Raymond lm])act Pulveri.ser (V)., i. 
474 

React i(ai lenq)eratures of lime-silica 
mixtures, i. I‘.)2 
Ibaide. T. Mellard, i. 28 
Rraiding beds, i. (5(5, 67 
.sands, i. 67. 1(58 

minerals itp i. 180, 181, 18(5, 188, 
105), 204 

I'pper Eoctau^ beds at, i. 70 
Re-caleulaled analysis, i. 240 
Recent sands, i. 76, 144 
RiM*iproca.ting screens, i. 454 
Reclaiming old sand, ii. 12(5 
Reel ystaJlisat ion of silica, i. 22(5 
lb‘d-burning sands, i. 144 
Re<l Crag, i. 7.4 
Red fog, i. 24 

Red Hill, Hagshot beds at, i. 71 
I’ermian beds at, i. 51 
Red Hill Tunru'l, Hunter beds in, 
i. 54 

Reri sands, i. 144 
at St. Erth, i. 1.4.4 
Rialear, i. .5(5 

R<‘dgate, silica rocks near, i. 48 
R<?<lnall, bick«'iy quartzite at, i. 40 
Relining fiirnac(>s, sand for, ii. 1.44 
metals, sand ffir, ii. 125) 

Refraction of light by sands, ii. 207 
Refractive index 
definition of, i. 24.4 
<let«*rmination of, i. 244 
of sands, etc., i. 208 
Refractoriness detin(;d, i. 145 
of moulding sands, ii. 80 
Refractorini^ss of sand — 
determination of, i. 2(50 
effect of alumina on, i. 195 
calcium phosphate on, i. 199 
felspar on, i. 185 
impurities on, i. 232 
lime on, i. 192 
mica on, i. 180 
titanium oxide on, i. 197 
for furnacf‘s, ii. 168 
for refractory bricks, ii. 147, 149 » 
152 
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Refractoriness of san(f— con^mw^d 
for refractory cements, ii. 15G, 158 
hollow-ware, ii. 152 * 
purposes, ii. 138 < 

for silica bricks, ii. 147, 149 
Refractoriness, reducing, i. 205 
teats of sands for, i. 200 
Refractory bricks, ii. 21 

sands for, ii. 145. See also Re- 
fractory sands 
cements, ii. 154 
hollow-ware, sands for, ii. 152 
material, sand as, ii. 1.32 
properties of sands, i. 220 
red sand, i. 73 

sands, preparation of, ii. 158 

sources of, i. 40, 43, 44, 40, 04, 
72, 73, 88, 80, 02, 141, 143, 
144, 148, 15.3, 154; ii. 132, 
137, 146 
te.sting, ii. 100 
texture of, ii. 100 
Regur in India, i. 31 
Reigate — 

abrasive sand at, ii. 222 
brick -making sand at, ii. 3 
furnace sand at, ii. 137 
glass sands at, i. 110 ; ii. 194, 105 
(lreen.sand at, i. 03, 118, 119, 181, 
435 

Reloading sand, i. 472 
Removal of overburden, i. 278 
of water from sands, i. 401 
Reptiliferoua sandstone, i. 220 
Repton-on-Trent, Bunter beds at, i. 
53 

Residual sands, i. 140 
Resin as bond in moulding sands, ii. 
118 

Resistance to cru.sbing, determina- 
tion of, i. 205 

Retford, Bunter beds at, i. 53 
Retgers, i. 180, 188 
Retorts, ii. 154 

use of sand in, ii. 228 
Reverberatory furnaces, i. 437 
sand for, ii. 134 
Reversion of silica, i. 230 
Revolving buddies, i. 417 
pan mills, i. 370 
screens, i. 450 
Rhaetic beds, i. 52 
sandstone, i. 154 
use of, for furnaces, ii. 137 
Rhes-y-cao, glass sands at, i. 110 
pocket sands at, i. 43, 136 
Rhine, trass near, i. 105 
Rhodin, J. G. A., i. 434 
Rhodium, i. 133, £00 . 

Rhodolite, i. Ill 

Rhondda Engineering Co., Ltd., i. 393 


Rljone, sand carried by, i?.31 
Rhyddlan, Bunter beds at, i. 54 
Rhyolite, i. 3,^, 34 • * 

Ribblo, sand carriedjjy, i. 20, 28 
Ribdcn — 

glass sands at, i. 110 
moulding sands at, i. 131 
pocket sands at, i. 135 
Richardson, ii. 05 
Richter, i. 232 
Riebtofen, i. 27 

Ricl^nansworth, Eocene beds at, i 
00, 08 

Ridding overburden, i. 278 
Riddings, silica rock at , i. 50, 164 
Rifldlcs. See Screens 
Ri<lgewny, ganister at, i. 40, 40, 109 
Ricd.'l, T. D., ii. 184 
Ricko, R., i. 185, 180, 101, 107, 120, 
228 

Rios, If., ii. 80, 100 
Rikof’s sand wa.slier, i. 301 
Ringmer, Greensand at, i. 03 
Ripon, Bunter beds near, i. 53 
Ripple-marks in sand, i, 27 
Rishton, ganister at, i. 107 
Ril linger, i. 251 

concentrating table, i. 417 
River sands, i. 78, 104 
use of, for concrete, ii. 23 
volume weight of, i. 222 
Rivers, action of, on rocks, i. 0, 12 
Road construction, use of sand in, 
ii. 00 

-beds, sand for, ii. 71 
traction, i. 340 
liouds- 

ttspbalt, sands for, ii. 05 
as|jluilt-concrete, sand for, ii. 07 
iispbalt-mastic, sand for, ii. 00 
bitulithic, sand for, ii. 07 
bitumen concrete, sands for, ii. 65 
brick, sand for, ii. 04 
composition of sands for, ii. 62 
concrete, ii. 03 
grading sand for, ii. 03 ' 
hardness of sand grains for, ii. 63 
preparation of sands for, ii. 72f 
screening sands for, ii. 72 
shape of sand grains for, ii. 6^ 
size of sand grains for, ii. 03 ' 
testing sands for, ii. 72 
Roasting furnaces, ii. 437 
Robin Hood’s BjHy, Lias at, i. 56 
Rochester— ■ V 

glass sands at, i. 116 
moulding, sands a% ii. 112 
Reading beds at, i. 68 
Thanet bells at, i. 116 ; ii. 112 
l;Ock fragments irf sands, i. 200 
1 loosening, i. 295 
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Rocker concentrator, i. 416 

Rocking cableway, i. 47 1 

Rocks, tfisintejEtration %f, i. 20 ’ 

Rodgers, A. F., ^ 177 

Rogate, Grcicnsand at, i. 1 18 

Rogers, H. L., ii. 33 

Rogorson, T. R., ii. 15.1 

Roll mills, i. 371 

Romaldkirk ganister, i. 43 

Romney Marsh, Wealden beds al, i. 

60 

Roofing tiles, use of sand for, ii. IsO 
Rookery, glacial sands at, i. 75 
Rookhope ganister, i. 43, 107, 108 
Ropes, breaking strain of, i. 3H) 
for aerial ways, i. 322 
for haulage, i. 315 
Ropeway extension, i. 326 
Ropeways Ltd., i. 320 
Rork floatation procuiss, i. 425 
Roscoe and Sehorlcmmer, i. 175 
Rose quartz, i. 177 
Ross and Rleininger, i. 220 
Ross belt feeder, i. 362 
Rosslare — 

blown sands at. i. S3 
glass sands at, ii. 195 
shore .sand at, i. 77 
RosS'Shire, metamorphic rocks in, i. 

39 

Old Red Sandstone in, i. 4 1 
Rotary drainers, i. 404 
drills, i. 299 
filters, i. 405 

furnaces, sand for, ii. 136 
kilns, i. 438 
screens, i. 456 

Rotherfield, Ashdown sands at, i. 

61 

Reading beds at, i. 69 
“Rotten rocks,” i. 150, 153 

use of, as moulding sands, ii. 113 
Rottenstone, i. 44, 146 

use of, as an aljrasive, ii. 209 
Rough cast, ii. 55 
Rounded*^, angular grains, i. 218 
Rounding of grains, comparison of, 
, i. 220 

Row.sloy, silica rocks at, i. 46 
Rual^n, ganister at, i. 109 
silica rocks at, i. 1 52 
R|^bber, use of sand in, ii. 230 
cricks, use of sand for, ii. 7 
Rubery, Lickey quJfrtzite at, i. 40 
Rubies, i. 114, m 
artificial, i. 1 14 

Ruddington HiB, Buntcif beds at, i. 

54 

Ruggles-Coles dryer, i. #10 
, Runcorn, Bunter nods at, i. 55, 131 
•moulding sands at, i. 131 ; ii. 113 


Russia — 

black earth in, i. 31 ; ii. 164 
gold plactA’s in, i. 117 
loess in, 'i 126 
]jlatirvim i)locei*s in, i. 133 
Huston, Hornsbv ( V)., Ltd., i. 284 
Rutheninm, i. 133, 200 
Ruthin, Bunter beds at, i. 54 
Rutile, i. 20, 81, 196, 208, 209, 224, 
231 

action of acid on, i. 204 
Rutlandshire, Lias in, i. 56 
Lower (Oolite in, i. 58 

Sabin, ii. 30, 45, 51 
Sack tillers, automatic, i. 474 
Sacking sands, i. 473 
Sacombe. Kocene beds at, i. 66 
Safety Finery Wheel Co., ii. 219 
Saggers, ii. 1.54 

u.se of sands in, ii. 136 
Sahara desert sand, i. 22, 23 
olivine in, i. 180 
St. .Vgnes Beacon sands, i. 73 
use of, for crucibles, ii. 152 
for moulding, ii. 131 
St. Albans, Focene beds at, i. 66 
St. Alban’s Head, Portlaiul biuls at, 

i. 57 

St. Amies, sand dunes at, i. 27, 28 
vSl. Austell, tin-bearing sands at, i. 164 
St. Bees, Bunt(U‘ beds at, i. 53 
St Brides, Lias at, i. 57 
St. Frth sands, i. 73, 133 
chemical analysis of, ii. 90 
inineralogical composition of, ii. 91 
texture of, ii. 107 

u.se of, for moulding sands, i. 131 ; 

ii. Ill 

St. George’s Hill, Bagshot beds at, i. 
71 

St. Helens, glacial sands at, i. 75, 91, 

115 

St. Ives, shore sands at, i. 158 
St. Lancing, Focene beds at, i. 66 
St. Lawrence river, black sands of, i. 
LS9 

titanium-bearing sands in, i. 164 
St. Malo sand, strength of, ii. 30 
St. Mary Cray, Thanet beds at, i. 67 
St. Pirian, .sand dunes at, i. 27 
Salisbury, Focene beds at, i. 66, 68, 
70 

Salt (sodium chloride), action of, on 
sand, i. 205 

Saltburn, Lower Oolite at, i. 58 
Spits, soluble, in sand — 

effect of, in brick -making, ii. 1 
in cements and mortars, ii. 48 
in filter sands, ii. 178 
in glass sands, ii. 108 
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Salts, soluble, in mmt—contimied 
effect of, in lime-sand bricks, il. 13 
in mouldinji; sands, d. 89, 98 
in plaster, ii. 58 « 

removal of, i. 150 , 

Salts, soluble, in soils, ii. 108 
Sampling sand, i. 235 
Sancton, FiStuarino sands at, i. 59, 123 
Sand- 

abrasive action of, on roc^ks, i. 10 
action of light on. *SVfi Refraction 
fusibility of, i. 2.30 
in soil, (‘ffect of, i. lOl 
purification of. *SVf’ I’urification 
si/(i of j)articles of, i. 1 
ii.se of. *SVc iiiulcr various in- 
dust rics 
Sand bars, i. 30 

-bauxite bricks, ii. 145 
-bearing deposits, i. 277 
binders, i. 25 

-blast material, tower dryer for, i. 
409 

-blasting ])roce.ss, ii. 207 
-cements, stn'ugtb of, ii. 4.3 
-clay roads, ii. 00 
face on bricks, ii. I 
filters, ii. 170 
hills, formation of, i. 24 
occurrence of, i, 2t) 

•liriie bricks, sources of sand for, 
i. 42, 07 : ii. 10 
paper, fineness of, ii. 221 
sand for, ii. 209 
•puttip, i. 293 
roads, ii. 00 

rocks, i. 148. *SVc also Satxlstoncs, 
mining, i. 205 
scale, i. 147 

seals in kilns, etc., ii. 2.30 
Sandfields, shore sands at, i. 158 
Sandgate, beds, i. 03 
Sandhurst, Eocene beds at, i. 70 
Sandringham sands, i. 04, 118, 120 
Sands, formation of, i. 1 
Sandstones, i. 107, 147 
Sandy (’arr, loarn.s, i. 101 
silica rocks at, i. 48 
soils, i. 101 

Sjuidycroft Ltd., i. 302, 303 
Sandymount Strand 

.shore sands at, i. 77, 158 

u.se of, for gla.ss-making, ii. 195 
Santon Downham, sand dunes at, i. 27 
Santorin earth, i. 130, 156 
Sapphires, i. 114 , 133 
artificial, i. 114 

Sartil, diatomacoous earth at, i. f)7 * 
Sauerman drag-line excarator, i. 293 • 
Saxony, bole in, i. 84 * 

Scabbing of moulding sand, ii. 80 , 90 


Sf^ndinavia, xenotimo in^ i. 198 
Scania, [jalagonilo tuff in, i. 166 
Scljeelite, i. 1(^0, 198 • * 

Schists, i. 30, 165 ^ 

Schlossberg, I., ii. 1.52 
Schoeno’s clot rial or, i. 252 
Schott, ii. 190 

Schroeder van dor Kolk, i. 243 
Sehiistor, i. 177 
Schwarz, i. 204 

Scoops for removing ovorhurdon, i. 282 
Scoi^ie, use of, for concrete, ii. 25 
Seotland 

bastard ganister in, i. 45, 48, 107 . 

108 ; ii. 137 
Lorallian rocks in, i. 58 
diatomaccoiis earth in, i. t)7 
furnace .sands in, ii. 1.37 
glacial drift in, i. 75 
glass .sands in, ii. 194 
graiiil(' in, i. .3, 4 
Lias in. i. 57 
})ulagonite tuff in. i. 100 
(jxiartzitcs in. i, 39, 40 
riv<M* sands of, felspar in, i. 184 
.sand dunes in, i. 20 
sehists in, i. 15(5 
shore sands im i. 157 
silica rocks iri, i. 41, 42, 45, 50, 160 , 
151, 163 , 190 ; ii. 1.37, 194 
trap rocks in, i. 5 
Scott, A., i. 228 

Scouring sand, i. 44, 51, 0.3, 151, 159, 
100 

soa|>s, sand t’oi', i. 44 
Scra|)(‘r conv(\yors, i. .3.37 
Scrapers for removing overburden, 
279 

Scr(*en -conveyor, i. 455, 463 
Screening .sand, i. 442 
for abrasives, ii. 224 
h>r brick-making, ii. 8 
for cements and mortars, ii. 5.3 
for concrete, ii. 40 
for ox[)losives, ii. 227 
for lilli'rs, ii. 182 * 

for glass-making, ii. 202 
for liine-.sand bricks, ii. 17 
for tnoiilditjg, ii. 113, 114 
for ]ilasters, ii. 59 
for yjottory rnanufact ore, ii. fdO 
for refractory purposes, ii. 159 
for roads, ii. 72 
Screens, i. 442 

casings for, i. 40.'li 
concentric, i. 401 
conical rotary, i. 458 
dimensions of, i. 403 
• ethciency ©f, i. 448 
fixed, conical, i.*451 
cylindrical, i. 453 
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ScroenR- -emit in ucd 
hoatod, i. 403 

hoxaf^Mial r«volvinp^ i. 4;’>8 • 
horizontal and inclined, i. 448 
inclination of *i. 443 
■jigging, i. 405 
manner of usinfi, i. 240 
rneshos of, i. 444 
niovini>:, i. 4r)4 
mnltiplc, i. 401 
perforuff'd sliect, i. 447 
piano-wire, i. 443 ’ 

polygonal, i. 400 

ratio of apertuiea to product, i. 4<)2 
rccipi'ocating, i. 404 
revolving, i. toO 
rotary, i. 400 

speed of rotation (»f. i. 403 
i^tandard, i. 24(‘>. 247 
supports for. i. 4ol 
suspended rotary, i. 4o0 
vibrating, i. 440 
n'volvinu, i, 4(>l 
washing with, i. 30t) 
with bars, i, 44o 
with bruslu's, i. 453 
with paiallcl wires, i. 440 
with slots, i. 447 
Screw de-vvaten‘r, i. 4(t3 
drill, i. 208 
S(!Uin, eaus(' of, ii. I 

oji bricks due? to sand, ii. 2 
Scunthorpe, glacial sands at, i. I 15 
Sea, effect of, on rocks, i. 0 
Sea-dust, i. 24 
Sea sands, i. 32, 156 
(’ffect of. on bricks, ii. 2 
u.s(! of, in brick-Tnakiiig, ii. 0 
in coiufrete, ii. 24 
in furnaces, ii. 130 
in plasters, ii. 57 

,Sea-water, action of, on rocks, i. 

13 

Seaford, Kocene laals at, i. 0() 

Seals (of sand), for furnaces, etc., ii. 

2:M) 

^Searching for sands, i. 2t)0 
Sender, i. 228, 220 
Secondary blast ir>g, i. 307 
deposits, for/nation of, i. 20 
m'Aierals in sands, i. 172 
sands, i. I5() 

Sfdbergh, silica rocks at, i. 41, 40 
Sedentary sands, i.#l()3 
soils, i. It)0 ^ 

Sedgemoor, Kha(!tic beds at, i. 52 
Sedimentary saj|ds, i. 15J 
soils, i. 101 

Sedimentation, drying j^, i. 401 
grading by, i. JSO 
Seend- tlraen.sand at, i. 03 ; ii. 1 12 


Soger, i. 1, 194»211, 2.52, 253, 441 
cones, use of. i. 200 
Seger and (iramer, ii. 28 
Selby, Bunker sands at, i. 53, 55 
glacii^l sands at, i. 7() 

Selection of abrasive .sands, ii. 222 
Selektor separator, i. 4(i7 
Semi -silica bricks, ii. 145, 140 
Senft, ii. I(>S 
Separation of minerals 

by electrostatic means, i. 258 
by heavy licpiids, i. 257 
by magnetic* nu'ans, i. 258 
by viliration, i. 25() 

St*parators, cyclone, i. 407 
for dust and air, i. 4()5 
Solicit i. 180 

Serpi'utine, i. 180. 207. 208, 21 Mt 
action of acid on, i. 205 
Settle, silica rocks at, i. 4t) 

Settlement of grains, rate of, i. 251 
Settling of grains, tiim* of, i. 251 
pits, i. 401 

Sevc'iioaks, (Ireensand at. i. ()3 
Severn, estuary warp in, i. 33 
rivc'i' sand. i. 1 05 

valley. Old Bed Sandstone in, i. 41 
Sexton and Primrose, ii. 109, 121 
Sgrallito, ii. 55 
Shaft kilns, i. 435 
Shaly sand, i. 210 
Shaj) granite, i. 4 

Shajio of grains in abrasive sand. ii. 

210 

in sand for bituminous fabrics, ii. 73 
for brick-making, ii. 3, 5, 7, 8 
for ciunents and mortars, ii. 50 
for concrete, ii. 31 
for lilh*rs, ii. 229 
for filters, ii. 178 
for furnaces, ii. 141 
for glass-making, ii. I9J) 
for hoiu’-gla.sses, ii. 229 
for lime-.sand bricks, ii. 13 
for mouldinir, ii. 104 
for plasters, ii. 58 
for roads, ii. fi3 
for sand seals, ii. 230 
for silica bricks, ii. 149 
Sliape of grains of sand, i. 217 
Sha reshill, Permian lieds at. i. 52 
Sharp, .1., ii. 121 
Sharp sands, i. 29 

V. rounded grains, i. 218 
ShurjinPHs of sand, examination of, i. 
205 

Shaw, .1.. ii. 108 
Ifheffield — 

baatard ganistei; near, i. 110 
l^nisler, i. 49, 104, 106, 108 ; ii. 90, 
91 
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Sheffield — continued 
glacial sand near, i. 76 
moulding sands used iif-, ii. IIH 
sandstones near, i. 154» 

“ white flint ” near, i. 155 , 
Shellingford, (Greensand at, i. 63 
Sln'll-romains, effect of attrition on, 
i. 219 

sands, i. 24, 27, 35, 167 
Shells in sand, i. 156, 201 
Shepherd, i. 230 

Shincliff(i, Permian beds at, i. 51 
Shiplake, Eocene beds at, i. 66 
Shoots. See Chutes 
Shore sands, i. 77, 157 

use of, for glass-making, ii. 194 
Shotover, Portland beds at, i. 57 
Shotover Hill, Greensand at, i. 63, 189 
Wealdon iron sands at, i. 181 
sands, i. 57 

Shovelling earth, rate of, i. 278 
Shrewsbury, Permian beds at, i. 51, 52 
Shrinkage of moulding sands, ii. 58 
Shropshire — 
glacial drift in, i. 75 
sands in, i. 76 
glass sands in, i. 116 
moulding sand in, i. 76 
quartzites in, i. 141 
sandstone in, i. 41, 50, 52, 54, 57, 
154 

Siam, tin-boaring sands in, i. 164 
Siberia, gold placers in, i. 117 
Sidebottom, J. B., ii. 153 
Siderite, i. 209, 224 
Sidlaw Hills, Old Red Sandstone in, i. 
41 

Sidrnouth, Keuper beds at, i. 53 
Sieves. See Screens 
Sifter, “ Rapid,” i. 453 
Sifting sand. See Screening 
Silchostor, Reading beds at, i. 69 
Silfrax, i. 86, 89 

Silica, action of alkalies on, i. 204 
carbon on, i. 205 
lime on, i. 204 
amorphous, i. 174 
and alumina, interaction of, i. 191 
as an abrasive, ii. 208 
calcined, i. 176 
cellular, i. 178 
colloidal, i. 18, 176 
crystalline, i. 176 
effect of heat on, i. 226, 229 
repeated heating on, i. 227 
forms of, in sands, i. 173 
free, in sands, i. 173 
fusion temperature of, i. 230 
identification ofj different forms of, 
i. 177 

in moulding sands, ii. 86 


SiVea— 

in sands for brick-making, ii. 2, 3, 8 
r forchemi«wl purposes, \i. 187 
for cnamoiling lyetals, ii. 130 
for filters, ii. 178 
for glass manufacture, ii. 195, 196 
for furnaces, ii. 138, 139 
for lirno-sand bricks, ii. 1 1 
for metal rni.vtures, ii. 129 
for plasters, ii. 57 
or refining metals, ii. 129 
or roads, ii. 62 
for silica bricks, ii. 147 
for silica cements, ii. 156 
for smelting metals, ii. 129 
in soils, ii. 167 
inversion of, i. 226, 228, 230 
recrystallisation of, i. 226 
reversion of, i. 230 
ring-compounds of, i. 174 
Silica-alumina mixlures, fusibility of, 

i. 195 

bricks, clay in sand for, ii. 148 
composition of sand for, ii. 147 
impurities in sands for, ii. 147 
])reparation of sand for, ii. 151 
refractoriness of sands for, ii. 148 
resistance of, to tem])eraturo * 
cluinges, ii. 150 

shape of sand grains for, ii. 149 
size of sand grains for, ii. 150 
sources of sand for, i. 39, 40, 41, 
42, 43, 44, 45, 47, 48, 49, 50, 52, 
105, 108, 110, 111, 139, 140, 
142, 143, 149, 153, 154, 155, 
156, 158, 229 ; ii. 146 
specific gravity of sand for, ii, 
149 

testing sand for, ii. 151 
-calcium phosphate mixtures, fusi- 
bility of, i. 199 
cement, i. Ill ; ii. 155 
in rocks, i. 47, 49, 143 
flour, sand for, i. 41, 46, 140, 141, 
153, 158 

for moulding purposes, ii. 78 
gloss, i. 173, 175 ; ii. 192 
-lime mixtures, fusibility of, i. ltf.2 
rock os opener, ii. 1 18 
rocks, i. 43, 104, 138, 143, 147, 155, 
168 ‘ 
-titanium oxide mixtures, fq«i- 
bility of, i. 197 
ware, fused, ii.‘ 200 
Silicates in sands, i.- 179 

molten, effect of, on inversion of 
silicr. i. 228 

Siliceous abrasives, composition of, 

ii. 21? 

sinter, i. 169, nS' 

Silicia, palagonite tuff in, V. 166 
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Silicic, acitl ifi mortar, ii. 53 
Silicon alloys, ii. 184 
samf for, i:K 121) 
carbide's, i. 86 ^ 

as alerasivcs, ii. 201) 

iisei of. for rcfractorv purpose's, ii. 

15.3 

compotinels, j)ie'paralion of, ii. 1S3 
nitride', i. .SO ; ii. 184 
prcparalie)!! of, ii. 1S3 
Silit, i. SO 
Silk sieve's, i. 445 

Sillimanib', i. 20, 182, 208, 201), 224, 

2:u 

nctieai e)E aciel ejn, i. 204 
resistance of, te:) e'licniie'al roji^ents, 

i. 205 

5110. xiceen, i. SO, 90 ; ii. 15S 
SileBciele' ^biss, ii. 11)2 

5111, i. 1, :{0, :13, 159, 2i i 

e'ffect of, in en'tiierds and mortars, 

ii. 4S 

in e'ejncre'lc, ii. 2!) 
in filter sands, ii. 17S 
in mouldinjj: sanel, ii. 100 
Silundiim, i. SI) 

Silurian s»mdste>nes, i. II 
soils, i. 102 

Silver e-astin^', sands for, ii. 1 12 
furnaces, sanel for, ii. 1.35 
sand, i. 1(50 

for cerne'nl -plasters, ii. 57 
Silver Sti’anel, shore sanels at, i. 77, 

151); ii. 11)5 

Silverton, rermian heels at. i. 52 
Si 1 vest re, i. 107 
Simonds, H. K., i, 245 
Simonis, i. 11)4 
ISinpln -rope haulage, i. 311 
Sinters, i. 30 
Sirocco-dust, i. 24 
^ite of sanel-pit, selee-ting, i. 272 
Size? e)f abrasive parliedes, ii. 217 
ejf crusheel rruitei ial, i. 341) 

Size of grains - - 

e'arried*hy water, i. 12, 13 
• carrieel by wind, i. 23 
^rnportance of, in inelustrv, i. 210 
m sand for biturnineius fabrics, ii. 73 
b)r brick-making, ii. 3 
n)r cements anel mortars, ii. .50 
for concrete, ii. 32 
for explosives, ii. 227 
for filters, ii. IH) 
for furnace^ ii. 141 
for glass-making, ii. 199 
for lime-sarid brick8,||ii. 14 
for moulding, ii. 105 
for plasters, ii, 58 § 
for roads, ii. fl 
for#iilft;a bricks, ii. 150 
VOL. TI 


Size of particleif which .se'ttle out in 
eiifferent times, i. 251 
Sizing sands# i. 441 
Skelmerselal#, glacial sanels at, i. 75 
Skye, elijjteinmceous e'jirth in. i. 97 
Slag sand in cone-reti*, ii. 2(5 
in plaste'r, ii. 57 
Slates, i. 31) 

Sle}ife)iel, Le)we*r Oolite* at, i. 58 
Slie've Me)re' e|ujutzite, i. .31), 140 
Sluie*e‘s use'll for wiishing, i. 380 
Sluie'ing, e-one-entieition by. i. 415 
Slutch, i. 2l> 

Sjualt. ii. 181 

use of .sanel in manufae't nre eif. ii. 
229 

Sme'lting furnae't's, semel for, ii. i;i4 
metals, .sanel foi-, ii. 129 
Smielth. K. b., i. 291 
Smith ele-wateiing cemi’. i. 402 
Smith Kngint'ering Works, i. 391, 402 
Snmky epiartz, i. 177 
Sme)othing, semeis for, i. 137 
Snaith, Ibmte'r be'els »it, i. 53, 55, 131 
Sne'ael, Old Ke*el Sanelstone' at, i. 41 
Snow, }ictie)n ed‘, e)n i“e)e:ks, i. 11 
Soaking pits, sanel fe)r. ii. 134 
Se)aps, se)ure‘es e)f sjind fe)r. i. Ill, 47, 
119, 140. 153, I.5S 
use e)f sanel in, ii. 230 
Se)ar rive'i*. Buntei’ sanels in, i. 54 
Se)ela, eie'tie)n e)f, on .sanel, ete*., i. 204 
''tfee't. e)f, em refract orine'ss of sanel, 
i. 232 

Se)elalite', i. 20S 

Seeelieun e*hle)riele', ae'tieen of, on sanel, 

i. 205 

phe)splmt(', effect e)f, on invi'rsie.)n 
e»f silie-a, i. 228 

silie-jite, I'tfee't e)f, on inve'isiem e)f 
silie'a, i. 228 
mamOae l nre? e)f, ii. 1 84 
tungstate', e-ffe'e-t of, e)n inve*rsion 
e)f silica, i. 228 

Se)fte'ning stage* of silie-ji, i. 231 
Se)il 

aelelitie)?! of .sanel (e», ii. 174 
eicrjition e)f, ii. 170 
alumina in, ii. 107 
ajipare'nt density ejf, ii. 172 
e-alcium carbonate? in, ii. 1(57 
chemical com])e)sit ion of sand in, 

ii. 100 

den.sity of, ii. 173 
litaivy, ii. 173 
ireai e'eernpounels in, ii. 107 
light, ii. 173 

nature of, i. 100; ii. 102 
pe^rmeabijity of,»ii. 109 
pt)rosity of, ii. 170 
j)rejjM?rtio.s of, ii 109 
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Soil — continued ’ 

proportion of Band in, ii. 163 
shape of particles in, ii/ 163 
silica in, ii. 1(»7 
size of particles in, ii. 163 
specific j?ravity of, ii. 173 
texture of, ii. 169 
warping, with sand, ii. 174 
wat(T retention of, ii. 170 
use of, in brick -making, ii. 6 
Soluble calcium compounds, olTcct of, 
on sands, etc., i. 193 
salts. See Salts, soluble 
Solvent action of silicates on silica, 
i. 226 

of water on rocks, i. 16 
Solway basin, Keuper beds in, i. 53 
estuary, warp in, i. 33 
Somerset 

adobe in, i. 79 
alluvium in. i. HO 
Greensand in, i. 62 
Lias ill, i. 56 

Midford sands in, i. 59, 60 
Old Red Sandstone in, i. 41 
Khaetic beds in, i, 52 
Up]:)er Coal Measures in, i. 51 
Sopwith, T., i. 423 
Sorby, H. C., ii. 31 
Sorel stone, ii. 20 
Sosman, R. B., i. 193 
Sources of power, i. 27(5 

of santls for abrasive purpos('s, ii. 

222 

for brick-making, ii. 3, 4, 6, 7 
for cements ancl mortars, ii. 48 
for chemical industry, ii. 185 
for concrete, ii. 23 
for explosives, ii. 227 
for filters, ii. 18l 
for furnaces, ii. 137 
for glass-making, ii. 194 
for light brick.s, ii. 2(» 
for lime-sand bricks, ii. 10 
for moulding, ii. Ill 
for plaster, ii. 51 
for j)orous bricks, ii. 20 
for pottery, ii. 190 
for silica bricks, ii. 145 
South America, gem sands in, i. 113 
rnonazite sands in, i. 128 
South Cave sand, i. 58, 123 
iwl, ii. 90, 91 
texture of, ii. 107, 109 
use of, for glass-making, i. 116; 
ii. 194, 195 

for moulding sands, i. 131 ; ii. 

111,112 

yellow, ii. 90, 91 I j 
South Shields, Permian bods at, i. 61 
South Shore, sand dunes at, i. 28 


South Wales, silica rocks cf, ii. 146 
Southampton — 

T^ 9 ,gsliot bed^ at, i. 131 
Barton sands at, i.,.72, 82 
moulding sands, i. 131 ; ii. 112 
size of grains in, ii. 108 
Southampton Water, sand dunes in, 
i. 25 

Southport, sand dunes at, i. 25, 28 
Spain, brown iron-ore in, i. 189 
use of tosca in, i. 165 
Spalhng in lime-sand l)ricks, causes 
‘ of, ii. 19 

Spar in plaster, ii. 57 
Specific gravities of heavy liquids, i. 
257 

Specific gravity of sands, i. 220, 221 
determination of, i. 259 
for concrete, ii. 39 
of silica, effect of repeated heating 
on, i. 227 
bricks, ii. 149 
of .soil, ii. 173 

Specific heat of kieselgiihr, i. 99 
Specifical ions of mouiding sands, ii. 
109 

of sand for brick roads, ii, 64 
for concrete roads, ii. 64 
for glass manufacture, ii. 201 
Speeton, Neocomian deposits at, i. 
60 

Spennyrnoor, silica rocks near, i. 48 
Sjiessartito, i. 1 1 1 

Spey river sands, felspar in, i. 185 
shape of grains in, i. 220 
Sphene, i. 196, 209 

action of acid on, i. 204 
Spilsby, Greensand at, i. 65 
sandstone, calcite in, i. 148 
Spinel, i. 1 15, 194, 208, 209, 224, 231 
action of acid on, i. 204 
Spital- 

fumace sand at, ii. 137 
glass sands at, i. 116 ; ii. 196 
moulding sands at, i. 131 
sandstone, i. 123 
Spitzkasten classifier, i. 398 
Spitzlutto classifier, i. 398 
Sponge spicules in sands, i. 178 
Springs, action of, on sands, i. 1 1 
Sprocket chain conveyors, i. 337 
Staffordshire — ^ 

glass sands in, i. 116; ii. 194 
moulding sandtj;an, i. 131 ; ii. 104 
pocket sands in, i.|42, 43, 134, 136, 
146, 168 

quartzites^ in, i. 141 
sandstones i,n, i. 50, 51, 52, 63, 54, 
i ‘ 55 , 

Stamps, i. 364 

Standard grading of sand, i. 
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Standard sAtid, i. 162 • 

use of, in testing cements, ii. 62 
in ijjisting^concroti, ii. 28* 3^ 41 
in testing n^prtars, ii. 52 
Standard sieves, i. 246 
Stdnhope, bastard ganistor at. i. 48, 
109 

Star grass, use of, for binding sand 
dimes, i. 25 

Start Bay, sand ))arH in, i. 30 
Staurolite, i. 20, 182, 208, 200, 224 
airtion of acid on, i. 204 * 

Steam navvies, i. 280, 283 
saving effected l)y, i. 287 
Steel as an abrasive', ii. 210 
Steel casting, compos for, ii. 122 

properties (»f sand for, ii. 86, HI 
sources of sand for, ii. 112, 113 
dbnverters, sands for. See Furnace 
linings 

melting furnaces, construction of, 
ii. 132 

smelting furnaces, sands for, ii. 138 
Stein, («., i. 103 

Stephens - Adamson Manufacturing 
Co., i. 456, 450 
Stephenson, D., i. 12 
* Steppes of Russia, ii. 164 

Sterling Krnery Wheel Manufacturing 
Co., ii. 210 

Stevenston, silica rocks at, i. 45 
Sticking of bricks in moulds, preven- 
tion of, ii. I 

Stiperstonos quartzite, i. 41, 116, 

141 

Stirling, silica rocks at., i. 45, 48, 131, 
150, 151 

Stockport, Permian beds at, i. 51 
IStocksbridge, ganister at, i. 40 
Stoke-on-Trent, Handstone.s at, i, 152 
Stoko.s’ Law, i. 250 
tBtone, artificial, sands for, ii. 10 
crushed, use of, for concrete, ii. 24 
Empire, ii. 20 
Ford’s, ii. 20 
Imperial, ii. 20 
indurated, ii. 20 
Portland, ii. 24 
Borel, ii. 20 
Victoria, ii. 20 
Ston^ Greensand at, i. 65 
Stone -breakers, i. 347 
Stoneihaven, Old Red Sandstoni; at, 
i. 41 # 

Stones, definitiot^ of, i. 2, 211 
Stonesfield, quartz-mica schist at, i. 

40, 166 • « 

Storage bins for sand, i. 468, 469, 472 
of sand, i. 469 § 

in open piles,^. 469 
S^prring^if, Greensand at, i. 63 
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Stoiirbriage- - 

Bimter beds at, i. 54, 66 
mouldinpfsand at, i. 55, 131 
chemionl analysis of, ii. 90 
mi®eralogical composition of, ii. 
91 

surface factor of, i. 213 
texture of, ii. 108 

Stourport, Runter beds at, i. 54, 55 
moulditjg sands at, i. 131 
Stourlon, Ketii)er sandstoru' at , i. 27 
Stove for ilrying sand, i. 412 
Strochan & Henshaw, Ltd., i. 327 
Strata, effect of, on cost of quarrying, 
i. 273 

Stn'ams, airtion of, on rocks, i. 12 
size of grains carried by, i. 12 
Strength of moulding samJs, ii. lOI 
of sands, effect of water on, i. 267 
testing, i. 265 

Stri('kland, Old Red Sandstone at, i. 
41 

Stripping overburden, i. 278 
Stroinboli, volcanic sands from, i, 36 
Strontianite, i, 208 
St rontium compounds in sands, i. 195 
Stucco, ii. 55 

Sturtevant Rngini'oring Co., Ltd., i. 

349, 352, 374, 375, 430, 449 
Subsoil, i. 160 
sands, i. 1(53 

Sudbury, Eocene beds at, i. 67 
Suffolk — 

alluvium in, i. 80 
brick-making sands in, ii. 26 
EoceiU' beds in, i. 66, 1)7, 68 
glacial flrift in, i. 75 
glacial drift, minerals in, i. 180, 188, 
194, 196 

glacial sands in, i. 76, 115 
glass sands in, i. 68 
Red Crag in, i. 73 
sand dunes in, i. 26 
.soils, i. 161 
white bricks, ii. 2 

Sugar fis bond in moulding stuids, ii. 
117 

Sulphides— - 

action of acid on, i. 205 
oxidation of, i. 17 
weathering of, i. 10 
Sulphur sand, i. 168 
Sulphuric acid, action of, on sands, i. 
205 

Superfine sand, definition of, i. 211 
Surface factors of moulding sands, i. 
213 

•of sands, i. 211 
Surrey — • • 

Hhgshot beds in, i. 71, 72 ; ii. 10 
Barton sands in, i. 82 ^ 
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Surrey — continued 

brick-making sands in, ii. 3, 10 
Eocene beds in, i. 66, €7 
furnace sands in, ii. 137 
glass sands in, i. 116 % 

Greensand in, i. 62, 63, 118 ; ii. 65, 
137 

road sands in, ii. 65, 67 
Wealden sands in, i. 60 
Susceptibility, magnetic, of minerals, 
i. 428 

Suspension in water, purification of 
sands by, i. 385 
Sussex^ — 

alluvium in, i. SO 
brick-making sands in, ii. 3, 10 
glass sands in, i. 116 
Greensands in, i. 62, 63, 118 
Hastings sand in, i. 121 ; ii. 165 
Reading beds in, i. 60 
soils, ii. 165 
Wealden beds in, i. 60 
Sutcliffe, Speakman & Co., Ltd., i. 355 
Sutton (Dublin) 

blown sands at, i. 83 
glass sands at, ii. 195 
shore sands at, i. 77, 167 
Sutton Junction, Hunter sands at, i. 
55 

moulding sands at, i. 55, 131 ; ii. 
112 

Swallow holes in limestom’, i. 134 
Swanage, Purbeck beds at, i. 57 
Wealden be<lH at, i. 60 
Swansea, sand bars near. i. 30 
silica rocks near, i. 47 
Swansea shoi’e sand, u.so of, for fur- 
naces, i. 77 ; ii. 137, 139 
Swaziland, t in-bearing sands in, i. 164 
Swindon, Purbeck beds at, i. 57 
Switzerland, deltas in, i. 31 
Syenite, i. 3, 4 
■porphyry, i. 5 

Tables, percussion, i. 417 
Taehylite, i. 3, 6 

4’admorton, Estuarine sands at, i. 59, 

103 

Tagilsk, platinum placers at, i. 133 
Tailings, testing, i. 451 
Tair Cam, rottenstone at, i. 45 
Tamman, i. 9 
Tantalite, i. 195, 224 
Tantalum compounds in sands, i. 195 
Taplow, Eocene beds at, i. 66 
Tar sand as filler for roads, ii. 70 
sands, i. 82 

Tarrass, i. 165 ’ 

Tasmania, platinu*n placers in, i. 133 < 
tin-bearing sands in, i. 164 
Tau'nton, Rhoetic bods at, i. 62 


Tfurus geyserito, effect df heat on, i. 
227 

Tairistbck, Milestone Gh-it at,' i. 46 
oilstone near, i. 132 
Tawe V^alloy, rottenstone in, i. 44 
Taylor, F. W., i. 247, 263, 441 
Taylor and Thompson, ii. 24, 36 
Tchornozem soil, i. 161 
Tees, KeupoT- beds near, i. 53 
Lias near, i. 56 
Telpher lines, i. 327 
support, i. 328 
track, i. 326 
Telsmith washer, i. 391 
Temperature- 

action of, on rocks, i. 10 
changes, effect of, on sand, ii. 150 
effect of, on inversion of silica, i. 228 
of calcination of sands, i. 439 
of fusion of silica, i. 230 
of reaction of lime-silica mixtures, 
i. 192 

Temph^eombe, Lower Oolite beds at, 

i. 58, 59 

Templeton, silica rocks at, i. 47 
Teneriffe — 

pozzuolana at, i. 1 36 
pumice sand at, i. 137 
tosca at, i. 165 

Tensile st rength of sand, determina- 
tion of, i. 266 
l’errac('s, i. 29 
'rerrestrial sands, i. 163 
Te?*tiary deposits, format i«a\ of, i. 21 
sands, i. 65 

Testing abrasives, ii. 214 

materials for insulating purposes, 

ii. 21 

for light bricks, ii. 21 » 

for porous bricks, ii. 21 
moulding sands, ii. 128 
sands, i. 235 ♦ 

for abrasive jnirposos, ii. 225 
for agriculture, ii. 175 
for brick-making, ii. 9 
for cements, ii. 63 
for chemical purjjoses, ii. 188 • 

for concrete, ii. 40 , 

for explosives, ii. 227 
for filters, ii. 182 
for fire-bricks, ii. 161 
for furnaces, ii. 143 ^ 

for glass manufacture, ii. 204 
for lime-saifd bricks, ii. 18 
for mortars, ii. ^53 
for plaster, ii. 69 
for pottery manufacture, ii. 190 
for refractory purposes, ii. 160 
' for road^, ii. 72 

for silica bricks, ii. 149 
Tetin, i. 136 
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Texture of ^anistor, i. 107 ^ 

of sands, i. 81, 83, 210. See also 
Sfee of i^rains ^ ^ 

of soil, ii. IGO ^ 

Thames muds, i. 103 
Thames river sand, i. 78, 101 
use of, for brick-making, ii. 0 
volume weight of, i. 222 
Thames Valley, alluvium in, i. 80 
Thanet beds, i. GO, 67 
sands, i. GO, 67 , 131, 163 
minerals in, i. 17.5, 180, 1 81, *182, 
. 18G, 188, 189, 199, 204. 217 

use of, for glass-making, ii. 194 
for moulding, i. 131 ; ii. 112 
Thanet soils, ii. 1G4, IG,! 

Thermal conductivity of kieselgulir, i. 
98 

Thfrsk, Lias at, i. .50 
• Thompson, S. M., i. 2G3 ; ii. 27, 39 
Thorianite, i. 197 
Thorite, i. 197 

Thorium com[iounds in sands, i. 197 
Thorne, Bunter beds at, i. .'53 
Thornton, I’ermiun beds at, i. ol 
Thoulet solution, i. 2.'>8 
Thrapston, Lower Oolite at, i. .*58 
Tides, effect of, on rocks, i. 9 
Tilbury Docks, alluvium at, i. 80 
Tiles, sources of sand for, i. Gl, 144 
use of sand for, ii. 189 
Till, i. 1G4 

Tilting furnaces, sands for, ii. 13G 
Tin compounds in sands, i. 198 
ore, i. 133 

placers, treatment of. i. 419 
Tinahely, vein (juart/. at, i. 39 

use of, for glass-making, ii. lO.'i 
Irin-boaring sands and gravels, i. 29, 

164 

hydraulicking, i. 292 
^ffip, selecting, i. 281 
Tip-cart, i. 310 

Tipperary Co., Ordovician rocks in, i. 
40 

Tiree, shote sands at, i. 1.57 
TJitaniferous magnetite, i. 224 
TitaJlite, i. 196 , 208, 209, 224, 231 
Titanium-boaring sands, i. 1G4 
coi^ounds in sands, i. 196 
oxioQ-alumina mixtures, fusibility 
of, i. 197 

Sect of, on inversion of silica, i. 
228 ^ 

•silica mixtuMS, fusibility of,i. 197 
Titano -ferrite, i. 224 
Tiverton, Permiari bods a^ i. 52 
Todmorden, wind-blown rocks at, i. 10 
Tongham, Reading bedsit, i. GO ^ 
Tooth powder, usemf kieselguhr for, i. 


Topaz, i. 115, ft2, 208, 209, 224 
action of acid oji, i. 204 
Topazolite, •. 112 
Topeka mi^ure for roads, ii. (>8 
Torquay, Permian beds at, i. 52 
Torres, felspar in river .sand at, i. 184 
Torrington, Bagshot beds at, i. 72 
'ro.sca, i. 131), 165 
Tossing, concentration by, i. 41G 
'rotley, ganistcr at , i. 49 
Toughne.ss of abrasives, ii. 21 G 
of sand, i. 225 

Tourmaline, i. 20, 81, 115, 187, 208, 
209. 224, 231 
action of acid on. i. 204 
-breccia, i. 34 
granite, i. 4 
Tower dryers, i. 408 
Tozing, concentration by, i. 4IG 
'Frachytes, i. 3, G 
Traction, i. 340 

Tram-cai“S, use of sand on, ii. 229 
Tramways, i. 310 
points for, i. 31G 
rails for, i. 317 
turn- tables for, i. 31G 
'Fran.sparency of sands, i. 2ti7 
Transport ami baulug(‘, i. 309 
Transportation, (>ffect of, on sands, i. 
219 

'Fransported sands, i. 157, 163 
soils, i. IGO 

4Vmsvaal, gold pliicers in, i. 117 
tin-bearing sands in, i. 1G4 
IVansverse conveyor, i. 471 

strength of sands, determination 
of, i. 2GG 

Trap-rocks, i. 4, 5 
'Frass, i. G, 13(), 166 
mortars, ii. 44 

use of, in cements and mortars, ii. 
49 

in concrete, ii. 25 
Travnneore - - 

garnet in beach sands of, i. 1 12 
monazite sands at, i. 29, 128 
tin-bearing sands at, i. 1G4 
zircon sands at, i. 1G8 
Traylor Engineering Co., i. 451, 452 
4’reacle as Inmd in moulding sands, 
ii. 117 

'IVemolite, i. 180 , 209, 224 
'J’rent river, Bunter beds round, i. 54 
Trent sand, i. 1G5 
Trevor, bastard ganister at, i. 109 
silica rocks at, i. 4G, 47, 152 
Tria.ssic sands, i. 52, 165 
•uso of, for brick-making, ii, G 
' for glass-makiag, ii. 194 
•for moulding, ii. Ill 
gashing, i. 385 
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Triassic eandatonos (ffnaetic), i. 154 
soils, i. 162 

Trichites in sands, i. 170 r 
Tridymite, i. 176, 177, 20^ 
formation of, i. 226 , 

identification of, i. 177 
melting-point of, i. 230 
volume of, i. 233 
Tridymite bricks, ii. 143 
Trinidad, asphaltic sands in, i. 81 
Tripoli, i. 147, 165, 178 
as an abrasive, ii. 209 
Trough washer, i. 385 
Trowbridge, Hast ings beds at, i. 6 1 
True ganister, i. 105 
Tscheuschncr, i. 434 
Tube mills, i. 369 

for wet grinding, i. 381 
Tubs for rails, i. 317 
Tufa, i. 166 

Tuffs, i. 5, 6, 36, 165, 166 
Tulockoff, i. 161 

Tunbridge Wells sand, i. 61, 121 
use of, for glass-making, ii. 194, 
195 

Tundra soils, i. 161 
Tungsten comyjounds in sands, i. 198 
placers, treatment of, i. 419 
Tungsten -bearing sands, i. 29, 166 
Turgite, i. 10 
Turn-tables, i. 316 
Turvillc, Eocene beds at., i. 66 
Tuttle Hill quartzite, i. 40 
Twreh Valley, rottenstone in, i. 45 
Tycherloy, Eocene beds at, i. 66 
Tyler, W. S., & Co„ i. 450 
Tynemoiith, Permian beds at, i. 51 
Tyrone (^o., moulding sands in, i. 
131 

silica rocks in, i. 42, 151 

Udden, J. A., i. 22 
Uig, Kellaways beds at, i. 58 
Ultramarine, ii. 184 ' 

use of sand in, i. 158 ; ii. 229 I 

Umber, i. 189 | 

United States — j 

geyserite in, i. 175 
kieselguhr in, i. 96 
platinum placers in, i. 133 
Up-draught kilns, i. 436 
Uplawmuir, Caldwell sand at, i. 45 
Upnor, Woolwich Iwds at, i. 68 
Upper Coal Measure sands, i. 51 
Upper Estuarine sands as moulding 
sands, ii. 112 

Upper Greensand soil, i. 161 
Ural Mountains, garnet in, i. 112 * 
platinum placers in, i. 433 < 

U^d moulding sands, ii. 96 
Us^ of sand, miscellaneous, ii. 228 


U^s of sands — 
in abrasives, ii. 206 
i^ agricultuje, ii. 162 
in artificial stone, ^ii. lo 
in brick-making, ii. 1 
in cements, ii. 42, 154 
in chemical industry, ii. 183 
in concrete, ii. 22 
in enamels, ii. 130 
in explosives, ii. 226 
in filters, ii. 176 
irf^fire-bricks, ii. 143 
in furnaces, ii. 132 
in glass-making, ii. 192 
in insulating bricks, ii. 20 
in light bricks, ii. 20 
in lime-sand bricks, ii. 9 
in metal mixtures, ii. 129 
in metallurgy, ii. 129 
in mortars, ii. 42 
in jdasters, ii. 55 
in porous bricks, ii. 20 
in refining metals, ii. 129 
in refractory cements, ii. 154 
materials, ii. 132 
in road construction, ii. 60 
in silica bricks, ii. 143 
in smelting metals, ii. 129 
in welding, ii. 130 
Ussher, i. 8 

Utah, mona/.ito sand in i. 128 
pumice sand in, i. 137 
Uxbridge, Eocene bods at, i. 66 

Vacuum filters, i. 406 

Vale of Neatli, silica rocks in, i. 47, 

48, 100 

Vale of Taunton, Keupor beds in, i. 53 
Vale of Tawe, silica rocks in, i. 47 f 
Vale of Wadour, Pur bock bods in, i. 
57 

Wealden beds in, i. 60 t 

Valuation of sand deposits, i. 271 
Vanners, i. 419 

Vapoiirs, effect of, on inveision of 
silica, i. 228 ' 

Variolite, i. 6 , 

Vegetable matter in sands. ’ See 
Carbonaceous matter and Or- 
ganic matter 

Voin-quartz, i. 39, 138 f 

Venting moulding sands, ii. 105 
Ventnor, Greensand at, i. 63 
Vernadsky, i. JAf- 
“ Vemis du d<^sert,” i- 84 
Very coarse sand, definition of, i. 
211 ^ 

Vesuvius, volcanic sand from, i. 36 
VIcona screq^, i. 453 ; ii. 159 
Victoria stone, ii.*^ 

Virginia, garnet in, i. lit 
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Viscosity amd inversion of silica, i. J28 
of sands, i. 225 

determination of,^. 267 * 
Vitreous minerals in sands, i. 17(f 
Vitrifiablo sandd^ i. 166 
Vivarais Mountains, poz/Aiolana in, i. 
136 

Vivianito, i. 189 
Vogt, i. 8 

Voids, absolute, determination of, i. 
263 

air, det/errnination of, i. 263 • 
jn sand, determination of, i. 261 
effect of, on concrete, ii. 36 
for lime-sand bricks, ii. 16 
Volcanic- muds, i. 33 
rocks, i. 2, 6 
sands, i. 36, 167 

Voiumo changes in sands on heating, 
i. 233 

weight of sand, i. 221 
for concret. 0 , ii. 39 
determination of, i. 259 
Von Lasaulx, i. J77 

Wacke, i. 5 
Wad, i. 167 
Wadiuirsl clay, i. 61 
Waon, sandstones at , i. 44, 149 
Wagons for endless haulage, i. 313 
for rails, i. 317 
size of, i. 310 
Wales — 

abrasive sands in, ii. 222 
alluvium in, i. 80 
bastard ganister in, i. 107 
furnace sands in, ii. 317 
Clacial drift in, i. 75 
gold in, i. 117 
oilstone in, i. 132 

pocket sands in, i. 134 , 135 , 14<», 
168 

quartzites in, i. 39, 141, 142 , 143 
rottenstone in, i. 44 
sand^lunes in, i. 26 
sandstones in, i. 40, 44, 46, 149 , 
187 ; ii. 146, 222 
iftip rocks in, i. 5 

Wall plastering, sand for, i. 51, 154 
Wallace, K. C., i. 193 
Wali®)n-on-the-Hill, Reading beds at, 
i. 69 

•Phanet sands at, i. 67 
Walton-on-the-Nazf^lod Crag at, i. 

73 . 

Wardlow Mires, rottenstone at, i. 44 
Ware, Thanet s^nds at, i. 67 
Wareham, Eocene beds aj, i. 70 
Wargrove, Eocene bedsit, i. 66 ^ 
Warmden ganiste^i. 50, 107 
^arp,^34l|167 


Warping soil, it. 174 
Warren Fann, Reading beds at, i. 09 
Thanet l^da at, i. t)7 
Warrenite pavement, ii. 68 
Warrington, Runt-er Ixids at, i. 54 
Warsford, Estuarine sands at, i. 59 
Warwickshire — 

brick-making sands in. ii. 6 
(llacinl drift in, i. 75, 76 
Lias in, i. 56 
moulding sands in, i. 131 
quartzites in, i. 40, 141 
Wash, alluvium in, i. 80 

(Jroensands round, i. 64, 120 
Washing by suspension, i. 385 
Washing |)an, i. 256 
sands, i. 385 

for abrasives, ii. 223 
for cements, ii. 53 
for chemical purposes, ii. 187 
for <*oncrete, ii. 40 
for filters, ii. 182 
for glass-making, ii. 203 
for lime-sand bricks, ii. 17 
for mortars, ii. 53 
for plasters, ii. 59 
for pottery manufacture, ii. 190 
for refractory ])urpos(»s, ii. 158 
for roads, ii. 72 
Washing with 8(u’<5enH, i. 3{)9 
AVasliington, nioiiazito sand in, i. 128 
Wiush-mill, i. 388 
Water- 

action of, on rocks, i. 11, 17 
on silicates, i. 12 

addition of, to moulding sands, ii. 
123 

drainage of, from sands and soils, 
ii. 172 

effect of, on strength of sands, i. 267 
in sands, ii. 100. See also Moisture 
rate of flow in streams of, i. 12 
removal from sands, i. 401 
retention of, by soil, ii. 170 
softening, use of sand in, ii. 230 
•solvent action of, i. 15, 16 
Water carriagts i. 342 

filtration through sand, ii. 177 
-glass, ii. 184 

Waterstonos, Keuper, i. 196 
Wat ford Heath, London (3ay at, i. 70 
Watford, Reading beds at, i, 68 
Wave-power generator, i. 302 
Weakness in lime-sand bricks, causes 
of, ii. 19 

Woaldon beds, i. 60 
iron sands, i. 181 
# sands, i. 60, 168 

ininertds in, i, 180, 181, 196 
sbils, i. 162 ; ii. 168 
Weardalo, sandstones in, i. 44, ] 
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vVearhead, sandstonos^at, i. 149 
Woatherill Quarry, silica rocks at, i. 

48 # 

Weathering, i. 7, 9, 19 , 

effect of, on sand, i. 20(> ^ 

rate of, i. 15 

Weigher, automatic, i. 92(1 
Weight of sand per cubic foot, i. 222 
Welding, sand for, ii. 190 
Wellingborough, Kstuarino beds at, i. 
91 

Welsbach mantles, use of thoria in, i. 
190 

Welsh coast, Lias on, i. 57 
rottenstone, i. 147 
Wem, Lias near, i. 57 
Wensley, bastard ganister at, i. 107 
silica rocks at, i. 44, 148 
Wernicke, i. 149 

West llromwich, Permian beds at, i. 
52 

West Ilutsfield Quarries, silica rocks 
at, i. 48 

West Hartlepool, Hunter beds at-, i. 
59 

Westerham, Clreensand at, i. 62, 69, 

118 

Westgato, silica rocks at, i. 44 
Westmorland — 

Hunter beds in, i. 59 
granite, i. 9, 4 
Old lied Sandstone in, i. 41 
Wet grinding, i. 980 

sand, volume-weight of, i. 222 
stamps, i. 980 

Wetherill magnetic separator, i. 490 
Wexford, manure gravels in, i. 76 
Woybournti- 

Corallian Hag at, i. 58 
Heading beds at, i. (59 
Hed Crag at, i. 79 

Wey bridge, Hagshot beds at, i. 70, 71 
furnace sands at, ii. 197 
Weymouth, Coral li an Hag at, i. 58 
Portland beds at, i. 57 
Wheelbarrows, i. 909 
Whitchurch, Heading beds at, i. 69 
White cement, ii. 55 
“ White flint ” sandstone, i. 155 
White Hock, vein-quart/ at, i. 99 
sands, i. 168 

Whitocliffe Hay, Headon Hill sands 
' at,'i. 7t 

Whitehead & Co., Ltd., i. 913, 356 
Whiteley Bridge, moulding sands at, 
1. 131 join'll 2 
silica rock at, 17 55 
Whitmom, Hunter beds at, i. 54 ( 

Whittaker & Co., <Ltd., 375, 376, 
449, 464 

Wlihde Hill, oilstone at, i. 132 


Wi^klo.. 

granitic rocks in, i. 3 
Bljore* sands jn, i. 77 • 

use of, for gloss-making, ii. 195 
vein-quartz in, i. 

Wilfley table, i. 418, 419 
Wilson, Corns, i. 24 
Wiltshire — 

Creensand in, i. 62, 63 
Kellaways beds in, i. 58 
Purbock bods in, i. 57 
Wf'alden beds in, i. 60 
Wimbledon, Heading beds at, i. 71, 
Wincanton, Oolite beds at, i. 58, 59 
Winchester, Heading beds at,'i. 69 
Winchfield, Hagshot beds at, i. 70, 71 
Wind - 

carrying power of, i. 22 
effect of, on rocks, i. 9 
on sand dunes, i. 25 
grading action of, i. 22, 24 
Wind-blown sands, i. 22, 82 
Window glass, sand for, ii. 194 
Windsor — 

Hagshot beds at, i. 71, 93 
Koceno beds at, i. 66 
fire-bricks, i. 93 
Winget Ltd., i. 309 
Winstor, pocket sands at, i. 43 
Winterbourne, Eocene beds at, i. 
66 

Wisbech, soil at, i. 164 
Withernsea, Clacial drift at, i. 75 
Woburn, i. 64 ; ii. 165 
glass sand at, ii. 165 
Creensand at, i. 64 
Woking, Hagshot beds at, i. 70, 71 
Wokingham, Hagshot beds at, i. 70, 
71 

Wolfram deposits, i. 168 
Wolframite, i. 198, 209, 224 
Wollastonito, i. 179 
Wolsingham— - 

])astard ganister at, i. 109 
moulding sand at, i. 131 
silica rocks at, i. 50 ' 

Wolverliampton, Hunfor sands at, i, 
54, 55 ' 

moulding sands, i. 131 

ebomical analysis of, ii. 90 
mineralogical compbsition ( f, ii- 

c 

fixture of, ii. 108 
Permian beds'yt, i. 52 
Wombouriie, Bunter^sands at, i. 55 
moulding sands at, i. 131 
Woodbridga. Eocene, beds at, i. 67 
Woodcock, V, T., ii. 155 
' ; Wvodcoto, Reading bods at, i. 69 
Woodworking, uS^*of ” 

230 
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\v ooiwicn-^- 

Thames sand at, i. 104 
chfftniual ^nalyais«Df> ii. 90 # 
mineralogical composition of, ii. 
91 ^ 

Woolwich beds, i. (JO, 67 
Woolwich sands, i. 07, 168 
minerals in, i. ISl, 204 
use of, in brick-making, ii. 0 
in moulding, ii. 112 
Worcestershire 

Rimter bods in, i. o5 
#noulding sands in, i. l.'ll 
quartziteis in, i. 40 

Working deposits of loose sand, i. 
281 

Workington, ganister at, i. 109 
(llacial sands at, i. 70 
W8rksop, Runter bods at, i. 55 
sands at, i. 55, 85, 80 
furnace sands at, ii. 137 
glass sands at, i. 110 ; ii. 199 
moulding sands, i. 55, 131 ; ii. 80, 
112 , 121 

chemical composition of, ii. 90 
coarse, texture of, ii. 108 
fine, texture of, ii. 108 
mineralogioal composition of, ii. 
91 

pot sands, texture of, ii. 107 
Worthing, l^ocene bods at, i. 00 
Wreay, I’ornuari beds at, i. 51 
Wrexham, silica rocks al, i. 152 
Wye Valley, Old lied {Sandstone in, 
i. 41 

Wyoming, monazite sand in, i. 128 
pumice sand in, i. 1 37 

IXenotino, i. 197, 208, 2(Mh 224 

Yarmouth, Ileadon Hill .sands at, i. 72 
iTellow moulding sands, ii. Ill 
sands, i. 108 


Yellow'sione Park, siliceous sinter 

in, i. 169, 175 

Yeovil, Milford sand at, i. 59 
mine^Als in, i. 217 
YnsjysUs, vein-ejuartz at, i. 39 
Yoredale rocks, i. 42 
Yorkshire 

alluvium in, i, SO 
bastard gani.ster in, i. 110 
brick-making sands in, ii. (i 
Kstuarine sands in, i. 59 
ganister in, i. 49, 105, 107 
(dacial drift in. i. 75 
sands in. ii. Ill 
glass sands in, i. llti ; ii. 194 
Kellaways sands in, i. 123 ; ii. 112 
Millstone (Irit in, i. Mi 

minerals in, i. 180. 1S8, 189, 190, 
199 

moulding sands in, i. 53, 55, 131 ; 
ii. Ill, 112, 113 

sandstones in, i. 40, 40, 51, 53, 55, 
57, 58, 59, 00, 148 ; ii. NO 
Yonigroave, j>oC‘ket sands at, i. -13 
Yttrium compounds in sands, i. 197 

Zeolites, preparation of, ii. 184 
Zircon, i. 20, 29, 81, 115, 198, 208, 
209, 224, 231 
action of acid on, i. 204 
in granite, i. 4 

Zircon sands, use of, ats refractory 
material, ii. 138, 151, 153, 157 
Zireonia bricks, sands for, ii. 151 
powdered, use of, as refniclory 
material, ii. 157 
-quartz glass, ii. 192 
sand, n.so of, as refractory materiail, 
ii. 138, 151 

Zirconium-boaring SJinds, i. 108 
coiriponnds in sainds, i. 198 
silicate, j. 198 
Zoisite, i. 188 










